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METHODS FOR BONE TREATMENT BY 
MODULATING ANARACHIDONCACD 
METABOLIC OR SIGNALING PATHWAY 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. patent applica 
tion Ser. No. 11/995,529, granted as U.S. Pat. No. 7,829,535, 
which is a National Stage of International Application No. 
PCT/US2006/032367, filed Aug. 18, 2006, published in 
English under PCT Article 21(2), which claims the benefit of 
U.S. Provisional Application Ser. No. 60/709,838, filed on 
Aug. 18, 2005, each of which are incorporated by reference in 
their entirety. 

SEQUENCE LISTING 

This application includes a Sequence Listing Submitted 
electronically as a text file named “17738US sequencelis 
ting..txt, created on Nov. 5, 2010, with a size of 42 kb. The 
sequence listing consists of 43 sequences and is incorporated 
by reference. 

FIELD OF INVENTION 

The invention relates generally to accelerating or enhanc 
ing bone formation or fracture healing by modulating an 
arachidonic acid metabolic or signaling pathway, in particular 
by using inhibitors of 5-lipoxygenase activity. 

BACKGROUND OF THE INVENTION 

Bone fractures are a common traumatic injury. Approxi 
mately 8-10 million bone fractures are reported annually in 
the United States with more than 1 million of these requiring 
hospitalization. The estimated annual costs of treating these 
fractures exceeds 20 billion dollars. While this is already 
significant, these numbers are expected to increase due to the 
aging of the general population. Further, among military per 
Sonnel, bone fractures are common training injuries. Bone 
fractures, typically located in the arms and legs, are also 
common battle wounds. Aside from traumatic injury, bone 
fractures also can be caused by disease. Osteoporosis is 
caused by a reduction in bone mineral density in mature bone 
and results in fractures after minimal trauma. The disease is 
widespread and has a tremendous economic impact. The most 
common fractures occur in the vertebrae, distal radius and 
hip. An estimated one-third of the female population overage 
65 will have vertebral fractures, caused in part by osteoporo 
sis. Moreover, hip fractures are likely to occur in about one in 
every three woman and one in every six men by extreme old 
age. 

Fracture healing is a complex tissue regeneration process 
that involves cell migration, proliferation, apoptosis, and dif 
ferentiation in response to growth factors, cytokines, other 
signaling molecules, and to the mechanical environment. The 
temporal order and magnitude of each cellular process must 
be controlled for optimal regeneration. The normal events of 
fracture healing are described below as occurring in 4 phases. 
In the initial phase, hematoma formation and localized tissue 
hypoxia are the initial cellular and molecular events of frac 
ture healing. The second phase, called the early stage, is 
characterized by inflammation followed by rapid accumula 
tion of cells at the fracture site. The presence of macrophages 
and neutrophils at the fracture site during inflammation pre 
cedes the rapid migration and proliferation of mesenchymal 
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2 
cells at the fracture site. In the third, regenerative phase, 
endochondral ossification creates the new bone which 
bridges the fracture. At this point, the fracture callus has a 
well-defined morphology. Intramembraneous ossification 
creates buttresses of periosteal bone at the callus periphery. 
Mesenchymal cells within the callus begin to differentiate 
into chondrocytes at the interface of the periosteal bone but 
tress. Each new chondrocyte develops as would be expected 
with matrix deposition followed by matrix calcification to 
produce calcified cartilage and then apoptosis. Channels are 
formed into the calcified cartilage starting at the periosteal 
bone buttresses. Osteoblasts migrate or differentiate on the 
Surface of the calcified cartilage within these channels and 
begin depositing new bone. As chondrocyte differentiation 
proceeds from the periphery to the center of the callus (frac 
ture site), channel formation, osteoblast differentiation, and 
new bone formation follows until the soft callus has been 
replaced with woven (immature) bone. Angiogenesis during 
the regenerative phase is essential. The immature woven bone 
created during the regenerative phase is mechanically 
unsuited for normal weight-bearing. To compensate for the 
decreased mechanical properties of the woven bone, the frac 
ture callus has a significantly larger diameter which provides 
for greater structural mechanical properties. In the final, 
remodeling phase, fracture callus diameter diminishes until 
the bone obtains its normal dimensions while maintaining the 
bones overall mechanical properties by enhancing material 
mechanical properties. This is accomplished by replacing the 
mechanically poor, woven bone with mechanically strong, 
lamellar (mature) bone. In Successive rounds, osteoclasts 
resorb the woven bone and osteoblasts replace it with lamellar 
bone. Molecular mechanisms governing osteoclast formation 
and function occurs through the RANKL-RANK pathway 
and this pathway is activated during fracture healing. 

Fractures are generally treated conservatively by closed 
reduction of the fracture and immobilization (casting) of the 
affected bone. In such cases, the bone heals through the 
endochondral ossification pathway described above. 
Adequate nutrition to include vitamin C. vitamin D, and 
calcium aids in healing. There has been no major advance 
ment in the treatment of bone fractures since the mid 20" 
century when open reduction and internal fixation of fractures 
became commonplace. The promise of growth factor treat 
ments to enhance fracture healing has not been realized yet. 

Unfortunately, many fractures require Surgical interven 
tion to increase healing Success and reduce the likelihood of 
complication. There is only one approved pharmacological 
enhancement for bone healing and that is treatment with 
recombinant bone morphogenetic protein, either BMP-2 or 
BMP-7 (OP-1). Use of these growth factors requires surgery 
and due to expense and unknown potential side effects caused 
by the use of Supraphysiological levels of growth factors, 
BMPs are used as a last-resort to heal recalcitrant fractures. 
Typical patient care also involves the administration of anti 
biotics, a narcotic, an NSAID, a COX-2 inhibitor or other pain 
killers during the healing process. 
NSAIDs inhibit cyclooxygenase, thereby inhibiting the 

conversion of arachidonic acid into prostaglandins (PGD2, 
PGE2, PGF2C, PGI2, TXA2). Arachidonic acid is also a 
precursor for the leukotrienes (LTB4, LTC4, LTD4, LTE4), 
lipoxins (LXA4. LXB4), and 5-hydroxyeicosatetraenoic acid 
(5-HETE). The enzyme 5-lipoxygenase (5-LO) converts 
arachidonic acid to 5-hydroperoxyeicosatetraenoic acid 
(5-HpETE). This is the first step in the metabolic pathway 
which yields 5-HETE, the leukotrienes (LTs), and the 
lipoxins. Leukotrienes are also pro-inflammatory with the 
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ability to attract neutrophils and cause capillary permeability. 
The arachidonic acid metabolic pathway is Summarized in 
FIG 1. 

Lipoxygenases are nonheme iron-containing enzymes 
found in plants and animals that catalyze the oxygenation of 
certain polyunsaturated fatty acids, such as lipids and lipo 
proteins. Several lipoxygenase enzymes are known, each 
having a characteristic oxidation action. Mammalian lipoxy 
genases are named by the position in arachidonic acid that is 
oxygenated. For example, the enzyme 5-lipoxygenase con 
verts arachidonic acid to 5-hydroperoxyeicosatetraenoic acid 
(5-HpETE), while the enzyme 12-lipoxygenas converts 
arachidonic acid to 12-HpETE. The activity of 5-lipoxyge 
nase requires a co-factor commonly called FLAP (five 
lipoxygenase activating protein). Leukotriene synthesis is 
reduced by drugs that inhibit FLAP (MK866) or mice lacking 
FLAP 
WO95/30419 discloses 5-LO inhibitors reduce Osteoclast 

activity. The suppression of osteoclast activity inhibits bone 
resorption and reduces bone loss in human pathological con 
ditions. Bone resorption is an integral part of fracture healing 
because it is necessary to remodel the newly formed bone into 
stronger, more mature bone. The inhibition of bone resorption 
would be expected to impair the later stages of normal frac 
ture healing. Koivukangas et al., Long-term administration of 
clodronate does not prevent fracture healing in rats. Clinical 
Orthopaedics and Related Research 408:268-278 (2003) and 
Peter et al. Effect of alendronate on facture healing and bone 
remodeling in dogs. Journal of Orthopaedic Research 14: 
74-79 (1996) disclose the effects of bisphosphonate therapy 
on fracture healing. The data show that bisphosphonate 
therapy which impairs osteoclast activity and bone remodel 
ing does not inhibit the initial stages of fracture repair but 
does impair the later bone remodeling stage. The bisphospho 
nate effect on fracture healing reveals itself as persistence of 
a large fracture callus that contains mechanically immature, 
woven bone rather than mechanically mature, lamellar bone. 
WO 03/066048 discloses that 12/15-lipoxygenase inhibi 

tors can be used to prevent bone loss or increase bone mass. 
The publication describes data showing that bone mineral 
density is preserved in transgenic mouse that overexpress 
IL-4 and that were treated with a 15-LO inhibitor. The pub 
lication does not disclose that 15-LO inhibitors can aid frac 
ture healing or the treatment of non-unions. 

Traianedes, K., et al., 5-LipOxygenase metabolites inhibit 
bone formation in vitro. Endocrinology, 139: 3178–3184 
(1998) discloses the effects of LTB4.5-HETE, and LTD4 (all 
products of 5-LO function) on the differentiation of fetal rat 
calvaria (osteoblast) cells. The data show that 5-HETE and 
LTB4 reduce bone nodule formation and alkaline phos 
phatase activity in vitro but that LTD4 had no effect. The 
results from an in vitro organ culture model showed that 
LTB4 or 5-HETE treatment prevented a BMP2 induced 
increase in mouse calvaria thickness. The publication, how 
ever, does not disclose the use of any 5-LO inhibitors, nor 
does it disclose that 5-LO inhibition would lead to the same 
effect in cultured osteoblasts or in organ cultures. Similarly, 
Ren and Dziak, Effects of leukotrienes on Osteoblast cell 
proliferation. Calcified Tissue International 49: 197-201 
(1991) discloses that LTB4 treatment reduces proliferation of 
primary rat calvaria (osteoblast) cultures in vitro, but that 
LTB4 can promote proliferation of established osteoblast cell 
lines (Saos-2 and G292) in vitro at higher concentration 
(0.3-1 micromolar). Ren and Dziak also disclose that LTC4 
had no effect on the proliferation of primary rat osteoblast 
cells or Saos-2 cells but did promote proliferation of G292 
cells. Further, Ren and Dziak disclose that treatment of 
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4 
Saos-2 cells with a 5-LO inhibitor (AA-861) had no effect on 
Saos-2 cell proliferation. The publication indicates that 5-LO 
inhibition should have no effect on osteogenesis. 

Thus, it is readily apparent that compositions and methods 
for accelerating or enhancing bone formation or fracture heal 
ing would be highly desirable. 

SUMMARY 

The present invention provides methods of promoting 
osteogenesis by administering a compound that reduces a 
5-lipoxygenase activity to treat a bone fracture, a bone defect 
or a condition treated by inducing bone formation. 

In another aspect of the invention, the methods can further 
comprise an additional active agent such as a modulator of the 
activity of a cyclooxygenase. In one aspect the activity of a 
cyclooxygenase-2 (COX-2) is increased. In another aspect, 
the activity of cyclooxygenase-1 (COX-1) is reduced. 

In one aspect, the methods use in Vivo administration of a 
compound. In another aspect, ex vivo administration of a 
compound is used. 

In one aspect, the compound is a small molecule. In another 
aspect the compound is an antisense compound. In another 
aspect, the compound is an RNAi compound. 

These and other aspects of the present invention will 
become evident upon reference to the following detailed 
description and attached figures. In addition, various refer 
ences are set forth herein which describe in more detail cer 
tain procedures or compositions, and are therefore incorpo 
rated by reference in their entirety. 

BRIEF DESCRIPTION OF THE FIGURES 

FIG. 1 Summarizes an exemplary arachidonic acid meta 
bolic or signaling pathway. 

FIG. 2 illustrates the modulation of arachidonic acid 
metabolism by altering cyclooxygenase activity or lipoxyge 
nase activity to accelerate or enhance bone formation. FIG. 
2A represents the normal functioning of the pathway. FIG.2B 
shows that the inhibition of COX-2 activity leads to excess 
leukotriene production which impairs bone formation infrac 
ture healing or other osteogenic processes. FIG. 2C shows 
that the inhibition of lipoxygenase activity leads to excess 
prostaglandin production which accelerates or enhances bone 
formation in fracture repair or other osteogenic processes. 

FIG. 3 shows that serial x-rays of femur fractures made 
from a 5LO-/- mouse and a normal mouse (C57BL/6). The 
X-rays show that osteogenesis, and therefore fracture healing 
is accelerated in the 5LO-/- mouse. 

FIG. 4 illustrates mechanical testing data of fracture heal 
ing in wild-type (WT) and 5-LO knockout mice (5LO-KO or 
5-LO-/-) 28 days and 84 days after the onset of the fracture. 
Peak torque (FIG. 4A), rigidity (FIG. 4B), maximum shear 
stress (FIG. 4C), and shear modulus (FIG. 4D) were calcu 
lated from callus dimensions and the torque to angular dis 
placement curves. 

FIG. 5 illustrates histomorphometric data of fracture heal 
ing from wild-type (WT) and 5-LO knockout mice (5-LOKO 
or 5-LO-/-) at 7, 10, 14, and 21 days after fracture. The left 
panel shows the percent of fracture callus area that is newly 
formed bone (mineralized tissue) and the right panel shows 
the percent of fracture callus area that is cartilage. 

FIG. 6 shows that fracture healing is dramatically impaired 
in COX-2 knock-out mice and that the defect in healing 
occurs because of lack of osteogenesis (new bone formation). 
FIG. 6A shows data from X-rays and FIGS. 6B and 6C show 
the histological samples of 14-day old femur fractures in mice 
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lacking a functional COX-1 gene. FIG. 6D shows data from 
X-rays and FIGS. 6E and 6F show the histological samples of 
14-day old femur fractures in mice lacking a functional 
COX-2 gene. 

FIG. 7 illustrates that osteogenesis is accelerated in rats 
treated with 5-LO inhibitors, resulting in fractures healing 
faster than in untreated rats. 

FIG. 8 illustrates that osteogenesis is accelerated in rats 
treated with two different 5-LO inhibitors, resulting in frac 
tures healing faster than in untreated rats. FIGS. 8A, 8B, and 
8C show data from X-rays for vehicle control (8A), NDGA 
(8B), and AA-861 (8C). FIG. 8D is a graph showing inhibi 
tion of 5-LO increases fracture callus peak torque. 

DETAILED DESCRIPTION OF THE INVENTION 

The practice of the present invention will employ, unless 
otherwise indicated, conventional methods of protein chem 
istry, biochemistry, recombinant DNA techniques and phar 
macology, within the skill of the art. Such techniques are 
explained fully in the literature. See, e.g., T. E. Creighton, 
Proteins. Structures and Molecular Properties (W.H. Free 
man and Company, 1993); A. L. Lehninger, Biochemistry 
(Worth Publishers, Inc., current addition); Sambrook, et al., 
Molecular Cloning: A Laboratory Manual (2nd Edition, 
1989); Methods In Enzymology (S. Colowick and N. Kaplan 
eds. Academic Press, Inc.); Remington's Pharmaceutical 
Sciences, 18th Edition (Easton, Pa.; Mack Publishing Com 
pany, 1990); Carey and Sundberg Advanced Organic Chem 
istry 3" Ed. (Plenum Press) Vols A and B (1992). 

All publications, patents and patent applications cited 
herein, whether supra or infra, are hereby incorporated by 
reference in their entirety. 

I. DEFINITIONS 

In describing the present invention, the following terms 
will be employed, and are intended to be defined as indicated 
below. 
By "modulating an arachidonic acid metabolic or signaling 

pathway is meant use of a drug or a compound which inhibits 
or promotes the activity or concentration of any enzyme or 
regulatory molecule involved in an arachidonic acid metabo 
lism or signal pathway in a cell or animal. Preferably drug or 
a compound can be selected from a FLAP inhibitor such as 
BAYx 1005, MK-886, and MK-0591; a 5-Lipoxygenase 
inhibitor such as Zileuton, BAY-G576, RS-43,179, Wy-47, 
288, ABT-761, vitaminA, and BWA4C; leukotriene receptor 
antagonists such as Zafirlukast, montelukast, pranlukast, ICI 
204,219, MK-571, MK-679, ONO-RS-411, SK&F 104,353, 
and Wy-48,252; a leukotriene B4 receptor antagonists; a leu 
kotriene C4 synthase inhibitors; a Leukotriene A4 hydrolase 
inhibitors; a non-steroidal antiinflammatory drug (NSAID), a 
leukotriene receptor antagonists and leukotriene analogs, 
compounds modulating the formation and action of leukot 
rienes, compounds that affect cyclooxygenase activity, com 
pounds that affect prostaglandin activity Such as receptor 
agonists or antagonists, prostaglandin analogs, compounds 
that affect leukotriene activity Such as receptor agonists or 
antagonists, and leukotriene analogs. 
By “accelerated' is meant that osteogenesis occurs more 

rapidly and the time required for bone healing is reduced, or 
the bone heals more quickly in a treated Subject as compared 
to an untreated Subject or a control Subject. 
By "enhancing is meant that the healed bone in the treated 

Subject has improved characteristics compared to an 
untreated Subject, or a control Subject such as, for example, 
greater bone strength. 
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6 
By “fracture healing or “fracture repair is meant that, in 

particular, promoting the healing of bone fractures and bone 
defects, and improving the mechanical stability of the healing 
fracture or site. Such bone fractures may be, for example, the 
common, traumatic (disabling and non-osteoporotic) frac 
tures, the osteoporotic fractures due to osteoporosis or 
osteopenia of any etiology, fractures due to Paget’s disease or 
fractures due to bone loss as a consequence of side effects of 
other drugs, e.g. in patients receiving high doses of corticos 
teroids, fractures arising from other congenital or acquired 
disease Such as, e.g., osteogenesis imperfecta and breast can 
cer, Surgical created fractures (osteotomies) used for example 
in bone lengthening and limb lengthening procedures, and 
treatment of bone fracture delayed unions or non-unions. The 
invention augments fracture healing following normal reduc 
tion and immobilization of the fracture using techniques com 
mon to one skilled in the art by accelerating and enhancing 
bone formation. 
By “bone formation' is meant that the rate of bone forma 

tion in a subject treated according to the methods of the 
invention, Such as, e.g., by receiving a 5-lipoxygenase inhibi 
tor, is increased over the bone formation rate in a subject that 
is not given a 5-lipoxygenase inhibitor. Such enhanced bone 
formation is determined herein using, e.g., quantitative digi 
tized morphometry, as well as by other markers of bone 
formation, as described above. Bone formation is meant to 
include the osteogenic process used for spine fusions and 
other joint or bone ankylosis application, bone formation into 
or around prosthetic devices, or bone formation to augment 
existing bones or replace missing bones or bone segments. 
By “osteogenesis” is meant the production of bone that is 

associated with repair of a fracturedbone, repair of a bone that 
has a defect caused by intentional or non-intentional damage, 
or induction of bone formation used to fuse more than one 
bone or bone segment together. “Osteogenesis is not meant 
to include bone formation associated with normal bone 
growth in adolescents. “Osteogenesis' also is not meant to 
include bone formation associated with normal bone homeo 
stasis, which is often referred to as bone remodeling, in which 
bone is normally turned-over by a process whereby osteo 
clasts resorb bone and osteoblasts make new bone to replace 
that which has been resorbed. 
By “bone defect” is meant damage to a bone such that a 

portion of the bone is removed or is otherwise missing. Such 
bone defects would include anomalous holes, gaps or open 
ings created in the bone for purposes of a diagnostic or thera 
peutic procedure, loss of bone segments from trauma or dis 
ease, puncture wounds to the bone, and the like. 
The term “modulating refers to the effect of a modulator 

on an arachidonic acid metabolic or signaling pathway. A 
modulator can be, e.g., a polypeptide, nucleic acid, macro 
molecule, complex molecule, Small molecule, compound, or 
the like (naturally occurring or non-naturally occurring) that 
is capable of causing modulation. Modulators can be evalu 
ated for potential activity as inhibitors or activators (directly 
or indirectly) of a functional property, biological activity or 
process, or a combination thereof (e.g., agonist, partial 
antagonist, partial agonist, inverse agonist, antagonist, and 
the like), by inclusion in assays that measure the activity of an 
enzyme in the pathway. 
The terms “effective amount’ or “pharmaceutically effec 

tive amount” refer to a sufficient amount of an agent to pro 
vide the desired biological result. That result can be reduction 
and/or alleviation of the signs, symptoms, or causes of a 
disease, or any other desired alteration of a biological system. 
For example, an “effective amount for therapeutic uses is the 
amount of the composition comprising an active compound 
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herein required to provide a clinically significant increase in 
osteogenesis and, thus, healing rates in fracture repair, rever 
sal of cartilage defects or disorders; stimulation and/or aug 
mentation of bone formation infracture non-unions, delayed 
unions and distraction osteogenesis; increase and/or accelera 
tion of bone growth into prosthetic devices; enhanced or 
accelerated bone formation in joint ankylosis, bone ankylo 
sis, or spine fusions, bone formation to augment existing bone 
or replace missing bone or bone segments such as during 

8 
to a lower level of measured activity relative to a control 
experiment in which the enzyme, cell, or Subject is not treated 
with the test compound. In particular embodiments, the inhi 
bition or reduction in the measured activity is at least a 10% 
reduction or inhibition. One of skill in the art will appreciate 
that reduction or inhibition of the measured activity of at least 
20%, 50%, 75%, 90% or 100% or any amount between 10% 
and 100%, may be preferred for particular applications. Inhi 
bition of enzyme activity may be through any mechanism, 

autograft, allograft, or synthetic bone material incorporation, 10 including, by way of example, but not limitation, a reduction 
and repair of dental defects. in the amount of enzyme present, a competitive or non-com 
As used herein, the terms “treat' or “treatment” are used petitive inhibition of catalytic activity, an interference with an 

interchangeably and are meant to indicate administering one interaction between the enzyme and a co-factor or accessory 
or more compounds in accordance with the methods of the protein, etc. In addition, the compounds of the present inven 
invention to promote osteogenesis to obtain a desired thera- 15 tion may be used to increase a COX-2 activity. In particular 
peutic objective. The terms further include ameliorating embodiments, the increase of enzyme activity refers to a 
existing bone or cartilage deficit symptoms, preventing addi- higher level of measured activity relative to a control experi 
tional symptoms, ameliorating or preventing the underlying ment in which the enzyme, cell, or subject is not treated with 
metabolic causes of symptoms, and/or encouraging bone the test compound. In particular embodiments, the increase in 
growth. 20 measured activity is at least a 10% increase. One of skill in the 
As used herein, “small molecule' is meant to indicate a art will appreciate that an increase of the measured activity of 

chemical compound having a molecular weight of less than at least 20%, 50%, 75%, 90% or 100% or any amount 
about 500 daltons. Small molecules do not include biologic between 10% and 100% or beyond, may be preferred for 
polymers such as polypeptides and polynucleotides. particular applications. Increase of enzyme activity may be 
By “pharmaceutically acceptable' or “pharmacologically 25 through any mechanism, including, by way of example but 

acceptable' is meant a material which is not biologically or not limitation, an increase in the amount of enzyme present, 
otherwise undesirable, i.e., the material may be administered or by increasing the enzyme’s turnover rate, or altering its 
to an individual without causing any undesirable biological Substrate binding properties. 
effects or interacting in a deleterious manner with any of the References to the enzymes 5-lipoxygenase (5-LO), COX 
components of the composition in which it is contained. 30 1, and COX-2 are intended to encompass the exemplary 
By “physiological pH or a “pH in the physiological range' sequences referenced in Table 1, some of which are provided 

is meant a pH in the range of approximately 7.2 to 8.0 inclu- immediately following Table 1, as well as sequences at least 
sive, more typically in the range of approximately 7.2 to 7.6 90% identical, or at least 95%, or at least 96%, or at least 97%, 
inclusive. or at least 98%, or at least 99% identical to the exemplary 
As used herein, the term "subject’ encompasses mammals. 35 sequences as can be ascertained by one of ordinary skill using 

Examples of mammals include, but are not limited to, any routine alignment algorithms such as e.g., BLAST. In addi 
member of the Mammalia class: humans, non-human pri- tion, other mammalian homologues are encompassed. Such 
mates Such as chimpanzees, and otherapes and monkey spe- homologues are identified as such on the basis of e.g., 
cies; farm animals such as cattle, horses, sheep, goats, Swine; sequence similarity, functional similarity, and by chromo 
domestic animals such as rabbits, dogs, and cats; laboratory 40 Some location. In addition to protein sequence, exemplary 
animals including rodents, such as rats, mice and guinea pigs, nucleic acid sequences are provided from which one of ordi 
and the like. The term does not denote a particular age or nary skill can readily obtain sequences of anti-sense and 
gender. RNAi compounds useful for inhibiting the activity of the 
The compounds of the present invention may be used to enzyme in accordance with the methods of the invention. 

inhibit or reduce the activity of 5-lipoxygenase, 5-lipoxyge- 45 Anti-sense compounds useful for practice of the invention are 
nase and cyclooxygenase, and other enzymes and compounds known in the art and can be obtained through commercial 
in an arachadonic acid metabolic or signaling pathway. In this sources, as described in, e.g., Ding et al. (1999) BBRC Vol. 
context, inhibition and reduction of the enzyme activity refers 261, pp. 218-223 (incorporated by reference). 

TABLE 1. 

Exemplary Sequences 

Entrez, GeneBank Protein Similarity 

OMIM Gene Accession mRNA (Swiss- to human 

Symbol ID ID Number (GenBank) Prot) sequence 

Name: arachidonate 5-lipoxygenase; aka: 5-LO, 5-lipoxygenase 

Human ALOX5 152390 240 NC 000010 NM 000698 PO9917 NA 

Rat Alox5 NA 25290 NC 005103 NM_012822 P12527 86.29% (n') 
92.94% (p?) 

Mouse Alox5 NA 11689 NC 000072 NM 009662 P4.8999 87.88% (n) 
93.47% (p) 
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342 

348 
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360 
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ttgctggcag 

ct tcc attga 

ttatgctgaa 

agttggaagc 

aaaagcctic 

Ccttgaaagg 

ttggtggaga 

atalacgtgaa 

cagt cac cat 

tactaaaaga 

gaaccatgtc 

aaCat Cttct 

gacttittatg 

tattotgttt 

titat attata 

aaatgctgaa 

gtaactaatg 

aggitat cagt 

actittittaala 

acctgtaaaa 

gctgtcttgg 

tattittataa. 

aaact tcCtt 

tot Caaaata 

gtaaaatcta 

caaattattg 

actgcaggcc 

ataacgatat 

ttgcaaaagt 

Cattaattitt 

acctgcatgc 

cit cat cact t 

tggactctgc 

aggactgcta 

aatagtatac 

atctgta acc 

tgactggaaa 

caaatgatat 

atcto attgt 

15 

ggttgctggit 

ccagagc agg 

gcc ctatgaa 

actictatggit 

gcc agatgcc 

act tatgggit 

agtgggttitt 

gggctgtc.cc 

Caatgcaagt 

acgttcgact 

tattaattta 

gta acagaag 

to act actict 

tataaac cag 

agaacgaaag 

agtttittaca 

tttgaaattit 

gcatt attaa 

atcagcaatg 

gcttgtttga 

atttalaatct 

gtgatgttcC 

ttaaatcaaa. 

agaat attitt 

tat cagdaaa 

ttcaaattta 

tgg tact cag 

gttitt ct cag 

agcaatgacc 

atctoragtict 

tgttccttitt 

cgtttct cot 

citat attt to 

tittagct cot 

act tattitta 

aagatggatg 

aagttacgtt 

ctaagtagtt 

cactgacatt 
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TABLE 1 - continued 

Exemplary Sequences 

gg taggaatg 

Cagatgaaat 

to atttgaag 

gacatcgatg 

at Ctttggtg 

aatgttatat 

Calaat Catca 

tt tact t cat 

tottccc.gct 

galactgtaga 

attatttaat 

to agtacticc 

aaagattittg 

agagaaatga 

taaagatgtt 

Ctgtcgatgt 

taaagtactt 

atgaatattt 

aaacaataat 

tttcttaaag 

gtaaaat cag 

ttitt t cacca 

atgccaaatt 

gttgagatat 

agggit ct acc 

ggitttaaact 

attittgctat 

attittctgtt 

toataaaata 

tgaagccaat 

cittittct tot 

attttgttitt 

ttacctgaac 

Cttaagaaga 

agtgaaaagc 

caaagaggct 

CCC attctaa 

ct cagdaata 

taatgg tact 

tt coaccc.gc 

accagtic titt 

aact tacagg 

Ctgtggagct 

aaac catggit 

gttcticcitgc 

acactgcctic 

to agtgttcc 

ccggact aga 

agtictaatga 

aatatttata 

tgttgcggag 

ctgttgctgt 

gttittgacgt. 

tgaatactta 

tt coaatgca 

ttggittattt 

aaattagaca 

ttgaaatttic 

tt attaalact 

atgaaattitt 

agagtataaa 

tattalaggtg 

to cagaattit 

tittaaaataa. 

tttgaagcaa 

gaggittaatg 

gtacagttta 

CCtottcaaa. 

to agtaggtg 

tittago catt 

actagttitta 

ttittgcaagt 

ttaaaagaga 

agagaattitt 

agtgcct cag 

ttaatgc cct 

ataataatga 

gtatatt act 

agtacagaaa 

taatgagtac 

agaaaaggaa 

gtat cotgcc 

agaagttgga 

Ctactggaag 

aatt cagtict 

agat CC agag 

tgat at caat 

to at attitat 

ttaa actic ct 

aaaggagtica 

taagtttgga 

ct t t t tact t 

aacact atca 

tott coatga 

ttctgtcatc 

ttaccagtaa 

taalatt Cata 

tgta catata 

acta caattg 

cc tittittagt 

gtggagccac 

gtttatatgg 

gcaataacaa 

act t t t t t t t 

aagtaccaag 

atttagcagt 

atgcttaaat 

cattggaatc 

ttgctaagag 

agat cagagt 

titt caggtaa 

aaaaaaaagg 

atttatagot 

agagaactgt 

ttct tatt ta. 

cgataatact 

taatttattg 

gt at Cacagg 

cgcaaacgct 

atgtctgcag 

Cttctgg tag 

gcac cattct 

ccaa.gc actt 

ct catctgca 

Ct. Cattaaaa. 

cc cacagtac 

ttatttatat 

tatgttactt 

tacttgttgaa 

aaac agttitt 

gaatttcaac 

Caagatggca 

tgcattagaa 

aaaaaaaac 

tttcatgtct 

gggtagaatc 

ccaaaaagaa 

cittgttaaaa 

gtgactgtta 

tgcagtgtta 

ctgg talacat 

agaagaaaac 

atcc ttgtgc 

Ctgtgcttga 

CCatat caca 

to attt Caca 

aa.gc.ctggct 

acacagt citt 

to act t tott 

acct cagotc 

CCCttittaala 

aattittagct 

acggggtttg 

aaaaaaaac 

tott tt coac 

aagatt atta 

16 
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TABLE 1 - continued 

Exemplary Sequences 

24 

IRESREMRLOPFNEYRKRFGMKPYTSFOELVGEKEMAAELEELYGDIDALEFYPGLLLEKCHPNSIFGESMIEIG 

APFSLKGLLGNPICSPEYWKPSTFGGEVGFNIVKTATLKKLVCLNTKTCPYVSFRVPDASODDGPAVERPSTEL 

'Similarity between mRNA sequences. 
'Similarity between protein sequences. 

II. 5-LIPOXYGENASE INHIBITORS 

The applicant has discovered that inhibiting the activity of 
5-lipoxygenase promotes osteogenesis which can be used to 
accelerate and/or enhance the healing of a bone fracture, to 
treat a bone defect, or to treat by inducing bone formation. 
The applicant’s discovery is based on his hypothesis that a 
potential mechanism by which loss of COX-2 function could 
inhibit fracture healing was by shunting arachidonic acid into 
the lipoxygenase pathway with consequent formation of 
abnormally high inhibitory 5-HETE, LTB4, or other 5-LO 
metabolite levels (FIG. 2). During a normal inflammation 
response, Such as a fracture, the synthesis of prostaglandins 
and leukotrienes is balanced (FIG. 2A). Without being bound 
to a theory, the inventor theorizes that inhibiting COX-2 func 
tion shunts arachidonic acid into the lipoxygenase pathway to 
produce excess leukotrienes thereby impairing bone forma 
tion (FIG. 2B). Conversely, by inhibiting 5-lipoxygenase 
activity, arachidonic acid is shunted into the cyclooxygenase 
pathway to produce excess prostaglandins that accelerate or 
enhance bone formation (FIG.2C). 

To test this potential mechanism, fracture healing was 
assessed in 5-LO-/- mice. The applicant found that loss of 
5-LO function accelerates healing. Radiographic examina 
tion of fracture healing in age-matched mice in the C57BL/6 
background showed that fracture bridging occurred by 2 
weeks post-fracture in the 5-LO-/- mice as compared to 3 
weeks post-fracture in the normal mice (FIG. 3). Further, 
callus remodeling was significantly accelerated, thus the 
5-LO-/- callus regains its initial structural and material prop 
erties much faster than in normal mice based upon torsional 
mechanical testing (FIG. 4 and TABLE 2). Thus, loss of 5-LO 
function accelerates and enhances fracture healing and bone 
formation. 

Histological examination of calcified samples Supported 
the radiographic data. Plastic embedded, calcified sections of 
normal and 5-LO-/- mouse fractures stained with Stevenel's 
blue and van Gieson's picrofuchsin show that after just 2 
weeks of healing the fracture was bridged with calcified tissue 
in the 5-LO-/- mice while the normal mouse (C57BL/6) still 
had a cartilaginous Soft callus. Histomorphometric measure 
ments of fracture callus cartilage area showed that cartilage 
area peaked by day 7 post-fracture in 5-LO-/- mice and by 
day 10 post-fracture in normal mice (FIG. 5 and TABLE 3). 
Measurement of new bone (calcified tissue) in the fracture 
callus showed that almost twice as much new bone in the 
5-LO-/- after 7 days of healing and significantly more new 
bone at day 10 as well (FIG. 5 and TABLE 2). These data 
show that a normal, albeit significantly accelerated, endoch 
ondral ossification pathway is used to heal the fracture in the 
5-LO-/- mice. Experiments using younger and older 
5-LO-/- mice and in different genetic backgrounds gave 
identical results: loss of 5-LO function results in accelerated 
bone regeneration. 

The data from these experiments show that a 10 day frac 
ture callus in 5-LO-/- mouse is equivalent to a 14 day callus 
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in a normal mouse; that a 14 day 5-LO-/- callus is equivalent 
to a 21 day normal callus; and that a 1 month 5-LO-/- callus 
is equivalent to a 3 month normal callus (FIG. 3). Thus, loss 
of 5-LO function accelerates and/or enhances the regenera 
tive and remodeling phases of fracture healing. 

In one aspect of the invention, compounds that inhibit 
5-lipoxygenase activity accelerate and/or enhance healing of 
a bone fracture or prevent bone resorption or promote bone 
formation provide important benefits to efforts at treating 
human disease. Compounds that inhibit 5-lipoxygenase 
activity can be used, e.g., in a method for treating bone frac 
ture due to trauma, or due to osteoporosis or osteoarthritis, in 
a method for treating Paget’s disease, in a method for treating 
other conditions such as bone transplants and diseases asso 
ciated with increased bone fracture, and in methods that 
require bone formation Such as spine fusions, other bone and 
joint ankylosis procedures, bone or limb lengthening, aug 
mentation of bone structure, incorporation of allograft, 
autograft, or synthetic bone material into bone defects, bone 
growth into or around prosthetic devices, and other similar 
procedures. 

Several inhibitors of 5-lipoxygenase and their dosing are 
known which are useful for practicing the methods of the 
invention. A 5-lipoxygenase inhibitor can be 3-1-(4-chlo 
robenzyl)-3-t-butyl-thio-5-isopropylindol-2-yl)-2,2-dimeth 
ylpropanoic acid (MK886) or derivatives thereof; 3-(1-(4- 
chlorobenzyl)-3-(1-butyl-thio)-5-(quinolin-2-yl-methoxy)- 
indol-2-yl)-2,2-dimethyl propanoic acid) (MK-591) or 
derivatives thereof; nordihydroguaiaretic acid (NDGA) or 
derivatives thereof: 2-(12-hydroxydodeca-5,10-diynyl)-3.5, 
6-trimethyl-1,4-benzoquinone (AA861) or derivatives 
thereof; or (N-(1-benzo(b)thien-2-ylethyl)-N-hydroxyurea) 
(Zileuton) or derivatives thereof. Derivatives include, e.g., 
pharmaceutically acceptable salts, prodrugs, etc. which also 
are useful as 5-lipoxygenase inhibitors. Derivatives of exem 
plary compounds are intended to be within the scope of the 
claimed invention. 

Other 5-lipoxygenase inhibitors for use in the invention 
include masoprocol, tenidap, flobufen, lonapalene, tagoriz 
ine, Abbott A-121798, Abbott A-76745, Abbott A-78773, 
Abbott A-79175, Abbott ABT 761, Dainippon AL-3264, 
Bayer Bay-X-1005, Biofor BF-389, bunaprolast, Cytomed 
CMI-392, Takeda CV-6504, enazadrem phosphate, Leo Den 
mark ETH-615, flezelastine hydrochloride, Merck Frosst 
L-663536, Merckle ML-3000, 3M Pharmaceuticals R-840, 
rilopirox, Schering Plough SCH-40120, tepoxalin, linazolast 
(TMK-688), Zeneca ZD-2138, Bristol-Myers Squibb 
BU-4601A, carbazomycin C, lagunamycin, Wellcome 
BW-70C, Ciba-Geigy CGS-26529, Warner-Lambert CI 
1004, Warner-Lambert PD-136005, Warner-Lambert 
PD-145246, Elsai E-3040, Fujirebio F-1322, Fujisawa 
FR-110302, Merck Frosst L-699333, Merck Frosst 
L-739010, Lilly LY-269415, Lilly LY-178002, Hoechst 
Roussel P-8892, SmithKline Beecham SB-202235, Ameri 
can Home Products WAY-121520, American Home Products 
WAY-125007, Zeneca ZD-7717, Zeneca ZM-216800, Zen 
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eca ZM-230487. 1,2-dihydro-n-(2-thiazolyl)-1-oxopyrrolo 
(3.2.1-kl)phenothiazine-1-carboxamide, Abbott A-65260, 
Abbott A-69412, Abbott-63162, American Home Products 
AHR-5333, Bayer Bay-q-1531, Boehringer Ingelheim BI-L- 
357, Boehringer Ingelheim BI-L-93BS, Boehringer Ingel 
heim BIL 226XX, Bristol-Myers Squibb BMY-30094, car 
bazomycin B, Wellcome BW-B218C, Chauvin CBS-1114, 
Ciba-Geigy CGS-21595, Ciba-Geigy CGS-22745, Ciba 
Geigy CGS-23885, Ciba-Geigy CGS 24891, Ciba-Geigy 
CGS-8515, Chiesi CHF-1909, Warner-Lambert CI-986, 
Warner-Lambert CI-987, cirsiliol, docebenone, Eisai E-5110, 
Eisai E-6080, enofelast, epocarbazolin-A, eprovafen, evan 
damine, Fisons FPL 62064, Zeneca ICI-21 1965, Zeneca ICI 
216800, Kyowa Hakko KF-8940, Merck & Co L-651392, 
Merck & Co L-651896, Merck & Co L-652343, Merck & Co 
L-656224, Merck & Co L-670630, Merck & Co L-674636, 
Lilly LY-233569, Merck & Co MK-591, Merck & Co 
L-655240, nitrosoxacin-A, Ono ONO-5349, Ono ONO-LP 
219, Ono ONO-LP-269, Warner-Lambert PD-127443, Pur 
due Frederick PF-5901, Rhone-Poulenc Rorer Rev-5367, 
Rhone-Poulenc Rorer RG-5901-A, Rhone-Poulenc Rorer 
RG-6866, Roussel-Uclaf RU-46057, Searle SC-41661A, 
Searle SC-45662, Sandoz SDZ-210-610, SmithKline Bee 
cham SK&F-104351, SmithKline Beecham SK&F-104493, 
SmithKline Beecham SK&F-105809, Synthelabo SL-81 
0433, Teijin TEI-8005, Terumo TMK-777, Terumo TMK 
781, Terumo TMK-789, Terumo TMK-919, Terumo TMK 
992, Teikoku Hormone TZI-41127, American Home 
Products WAY-120739, American Home Products 
WY-47288, American Home Products WY-48252, American 
Home Products WY-50295, YoshitomiY-19432, 4-3-4-(2- 
methyl-1H-imidazol-1-yl)phenylthiol-phenyl-3,4,5,6-tet 
rahydro-2H-pyran-4-carboxamide, esculetin, phenidone and 
its derivatives, BI-L-239, 5,8,11-eicosatriynoic acid (ETI), 
5,8,11,14-eicosatetraynoic acid (ETYA), cinnamyl-3,4-dihy 
droxy-alpha-cyanocinnamate, curcumin, esculeitin, gossy 
pol, caffeic acid, baicalein, 7.7-dimethyleicosadrenoic acid 
(DEDA), Ly311727, bromoenol lactone, methyl arachidonyl 
fluorophosphonate, methyl Y-linolenyl fluorophosphonate, 
oleyoxyethyl phosphorylcholine, AACOCF3, n-(p-amylcin 
namoyl) anthranilic acid, mepacrine, quinacrine, atabrine, 
parabromophenacylbromide, aristolochic acid, corticoster 
oids, Glaxo SmithKline 480848, Glaxo SmithKline 659032, 
GlaxoSmithKline 6771 16, BMS-181162, MJ33, and Millen 
nium Pharmaceuticals MLN977. 
More preferred 5-lipoxygenase inhibitors include maso 

procol, tenidap, Zileuton, flobufen, lonapalene, tagorizine, 
Abbott A-121798, Abbott A-76745, Abbott A-78773, (R)(+) 
N'-5-(4-fluorophenoxy) furan-2-yl)-1-methyl-2-propynyl)- 
N-hydroxyurea (Abbott A-79175). Abbott A-79175, Abbott 
ABT 761, Dainippon AL-3264, Bayer Bay-X-1005, Biofor 
BF-389, bunaprolast, Cytomed CMI-392, Takeda CV-6504, 
Ciba-Geigy CGS-26529, enazadrem phosphate, Leo Den 
mark ETH-615, flezelastine hydrochloride, Merck Frosst L 
663536, Merck Frosst L 699333, Merckle ML-3000, 3M 
Pharmaceuticals R-840, rilopirox, Schering Plough SCH 
40120, tepoxalin, linazolast (TMK-688), Zeneca ZD-7717, 
Zeneca ZM-216800, Zeneca ZM-230487, Zeneca ZD-2138: 
and NDGA (nondihydroguaiaretic acid). 

Even more preferred 5-lipoxygenase inhibitors include 
tenidap, zileuton, flobufen, lonapalene, tagorizine, AA-861, 
Abbott A-121798, Abbott A-76745, Abbott A-78773, Abbott 
A-79.175, Abbott ABT 761, Ciba-Geigy CGS-26529, Biofor 
BF-389, Cytomed CMI-392, Leo Denmark ETH-615, lona 
palene, Merck Frosst L 699333, Merckle ML-3000, 3M Phar 
maceuticals R-840, linazolast (TMK-688), Zeneca ZD-7717. 
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Zeneca ZM-216800, Zeneca ZM-230487, Zeneca ZD-2138, 
and NDGA (nondihydroguaiaretic acid). 

In another aspect, the invention comprises a 5-LO inhibitor 
and a COXinhibitor and its use. Preferably, the COXinhibitor 
is a selective COX-1 inhibitor, i.e., that it inhibits the activity 
of COX-1 more than it inhibits the activity of COX-2. The use 
of a 5-LO inhibitor and a COX inhibitor is intended to 
embrace administration of each inhibitor in a sequential man 
ner in a regimen that will provide beneficial effects of the drug 
combination, the co-administration of the inhibitors in a Sub 
stantially simultaneous manner, Such as in a single capsule 
having a fixed ratio of these active agents, or in multiple, 
separate capsules for each agent, as well as a single com 
pound that inhibits both enzymes. 
The COX inhibitor can be selected from the group consist 

ing of celecoxib; rofecoxib; meloxicam, piroxicam, Valde 
coxib, parecoxib, etoricoxib, CS-502, JTE-522; L-745,337; 
FR122047; NS398; from non-selective NSAIDs that would 
include aspirin, ibuprofen, indomethacin CAY10404, 
diclofenac, ketoprofen, naproxen, ketorolac, phenylbuta 
Zone, tolfenamic acid, Sulindac, and others, or from steroids 
or corticosteroids. Compounds which selectively inhibit 
cyclooxygenase-2 have been described in U.S. Pat. Nos. 
5,380,738, 5,344,991, 5,393,790, 5,466,823, 5,434,178, 
5,474,995, 5,510,368 and WO documents WO96/06840, 
WO96/03388, WO96/03387, WO95/15316, WO94/15932, 
WO94/27980, WO95/00501, WO94/13635, WO94/20480, 
and WO94/26731, and are otherwise known to those of skill 
in the art. 

Selective COX-1 inhibitors are known in the art. The fol 
lowing is a list of preferred COX-1 selective NSAIDs: 
SC-560 Smith et al., Proceedings of the National Academy 
of Sciences of the United States of America. 95:13313-8 
(1998), FR122047 Dohi et al., European Journal of Phar 
macology 243:179-84 (1993), Valeroyl salicylate, Aspirin. 
Aspirin is an irreversible cyclooxygenase inhibitor that is 
rapidly inactivated in vivo. While aspirin can inhibit COX-1 
and COX-2, prior treatment with aspirin can inactivate all 
pre-existing COX-1 before or during expression of COX-2. 
Thus any new COX-2 that is expressed is active but all “older' 
COX-1 or COX-2 is inactivated. 
The following is a list of NSAIDs that preferentially inhibit 

COX-1 versus COX-2: Dexketoprofene, Keterolac, Flurbi 
profen, Suprofen. See also Warner et al., Proceedings of the 
National Academy of Sciences of the United States of 
America 96:7563-8 (1999). 

In another embodiment, the invention comprises a 5-LO 
inhibitor and a COX-2 activator and its use. COX-2 activators 
also are known in the art. See Tanabe and Tohnai, Prostag 
landins & other Lipid Mediators 68-69:95-114 (20020 for 
review article concerning regulation of COX-2 gene expres 
sion and as a reference for those compounds or treatments 
listed below without a reference. Preferred COX-2 activators 
include ultrasound therapy Sena et al., Ultrasound in Medi 
cine & Biology 31:703-8 (2005), pulsed electromagnetic 
fields (PEMF) Lohmann et al., Journal of Orthopaedic 
Research 21:326-34 (2003), BMP2 Chikazu et al., Journal 
of Bone and Mineral Research 17:1430-40 (2002), PDGF, 
FGF, and PTH and its analogs (PTHrP and teraparatide) Ma 
ciel et al., Journal of Rheumatology 24:2429-35 (1997). 
Other COX-2 activators include Prostaglandins and prostag 
landin receptor agonists Rosch et al., Biochemical and Bio 
physical Research Communications 338: 1171-8 (20050, 
PDGF (platelet derived growth factor), IL-1alpha (interleu 
kin 1 alpha), IL-1beta, TNF-alpha (tumor necrosis factor 
alpha), FGF (fibroblast growth factor), TGF-beta (transform 
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ing growth factor beta), TGF-alpha, EGF (epidermal growth 
factor), TPA (tetradecanoyl phorbol acetate), 

In addition, the invention comprises a combination com 
prising a therapeutically-effective amount of a 5-lipoxyge 
nase inhibitor and a cyclooxygenase-2 inhibitor, such as, e.g., 
licofelone, Dupont Dup 697, Taisho NS-398, meloxicam, 
flosulide, Glaxo SmithKline 406381, Glaxo SmithKline 
644784, or tepoxalin. 
The modulation of bone metabolism by the methods of the 

invention can be determined by examination of bone strength 
and mass after administration compared to a control Subject. 
Such examination can be performed in situ by using imaging 
techniques (e.g., X-ray, nuclear magnetic resonance imaging, 
X-ray tomography, ultrasound, and Sound conduction) or 
stress testing, or ex vivo by standard histological, radio 
graphic, mechanical, or biochemical methods. Modulation of 
bone density and/or bone mass can be assessed by changes in 
one or more parameters such as bone mineral density, bone 
strength, trabecular number, bone size, and bone tissue con 
nectivity. Several methods for determining bone mineralden 
sity (BMD) are known in the art. For example, BMD mea 
Surements may be done using, e.g., dual energy Xray 
absorptiometry or quantitative computed tomography, and 
the like. Similarly, increased bone formation can be deter 
mined using methods well known in the art. For example, 
dynamic measurements of bone formation rate (BFR) can be 
performed on tetracycline labeled cancellous bone from the 
lumbar spine and distal femur metaphysis using quantitative 
digitized morphometry (Ling et al., Endocrinology 140: 
5780-5788 (1999)). Alternatively, bone formation markers, 
Such as alkaline phosphatase activity, serum collagen peptide 
levels, or serum osteocalcin levels can be assessed to indi 
rectly determine whether increased bone formation has 
occurred (Looker et al., Osteoporosis International 11: 467 
480 (2000)). Compounds that modulate an arachidonic acid 
metabolic or signaling pathway can be tested for their ability 
to accelerate or enhance fracture healing and/or bone forma 
tion, promote bone formation, and prevent bone loss. This can 
be tested in a variety of animal models well known to one 
skilled in the art such as animal fracture models, animal 
osteotomy models, animal skull trephine defect models, ani 
mal bone defect models, various animals segmental defect 
models and bone lengthening models, ovariectomy induced 
bone loss models, and the like. The utility of these animal 
models is well established and is supported by a wide range of 
different observations. For example, BMP2 studies in ani 
mals including rats demonstrated that BMP2 stimulates 
osteogenesis and BMP2 is now used clinically in humans for 
bone repair applications (tradename INFUSE). There are 
hundreds of papers about this in animals and tens of papers 
about humans; NSAIDs inhibit fracture repair in rats Simon 
et al., Cyclooxygenase 2 function is essential for bone frac 
ture healing. Journal of Bone and Mineral Research 17:963 
76 (2002) and NSAID use has been correlated to poor frac 
ture healing in humans Burdet al., Journal of Bone and Joint 
Surgery (British)85B:700-5 (2003); studies cited in Rubinet 
al. (2001), JBJS 83(2):259-270 indicating that ultrasound 
treatment accelerates fracture repair in rats (AZuma ref.) and 
in humans. FDA guidelines for osteoporosis therapies indi 
cate that preclinical studies require use of 2 species and that 
one must be an ovariectomized rat model. 

Modulation of bone metabolism by the methods of the 
invention can be determined in vitro by examining the pro 
liferation, Survival, and differentiation of osteoblasts and/or 
chondrocytes following treatment that alters arachidonic acid 
metabolism as compared to mock treated cells. Treatment of 
cells or organ explants such as newborn rodent calvaria or 
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phalanges can be with compounds that inhibit 5-lipoxygenase 
activity, alter cyclooxygenase activity, affect leukotriene or 
prostaglandin receptor function, and the like as set forth in 
this application. Additional treatment methods can include 
use of antisense nucleic acids, interfering RNAS, other 
nucleic acid or proteins, and the like. Osteoblast or chondro 
cyte proliferation and Survival can be measured by a number 
oftechniques well known to one skilled in the arts such as cell 
counting, incorporation of radiolabeled thymidine or bro 
modeoxyuridine into replicating DNA, trypan blue exclu 
Sion, and terminal deoxynucleotidyl transferase end labeling 
of DNA within cells undergoing apoptosis. Differentiation of 
osteoblasts and/or chondrocytes can be measured by a num 
ber of techniques well known to one skilled in the arts and 
would include formation of mineralized nodules stained by 
the method of von Kossa or with alizarin red to ascertain 
osteoblast or chondrocyte culture mineralization, alcian blue 
staining of chondrocytes to measure elaboration of proteogly 
can matrix, gene expression analyses to measure markers of 
osteoblast and chondrocyte differentiation such as Type I, 
Type II, and Type X collagen, osteocalcin, and aggrecanusing 
protein or nucleic acid based assay methods, measurement of 
alkaline phosphatase activity, and measurement of RANKL, 
OPG, VEGF, bone morphogenetic protein, and other growth 
factors by quantitative methods such as enzyme-linked 
immunoassays (EIA). 
5-Lipoxygenase-Activating Protein (FLAP) 
FLAP is an 18-kD membrane-bound polypeptide which 

specifically binds arachidonic acid and activates 5-LO by 
acting as an arachidonic acid transfer protein. The FLAP gene 
spans greater than 31 kb and consists of five Small exons and 
four large exons (GenBank 182657, Genbank M60470 for 
exon 1, Genbank M63259 for exon 2, Genbank M63260 for 
exon 3, Genbank M63261 for exon 4, and Genbank M6322 
for exon 5). 
The nuclear envelope is the intracellular site at which 5-LO 

and FLAPact to metabolize arachidonic acid, and ionophore 
activation of neutrophils and monocytes results in the trans 
location of 5-LO from a nonsedimentable location to the 
nuclear envelope. Inhibitors of FLAP function prevent trans 
location of 5-LO from cytosol to the membrane and inhibit 
5-LO activation. Thus, FLAP inhibitors are anti-inflamma 
tory drug candidates. 

Leukotriene synthesis is reduced by drugs that inhibit 
FLAP (MK866) or in mice lacking FLAP. Thus, in one aspect 
of the invention, FLAP inhibitors such as BAYx 1005, 
MK-886, and MK-0591, are used in methods that modulate 
an arachidonic acid metabolic or signaling pathway thereby 
accelerating and/or enhancing fracture healing and bone for 
mation. 
Antisense Treatment 
The term “antisense nucleic acid' is intended to refer to an 

oligonucleotide complementary to the base sequences of 
5-LO or FLAP-encoding DNA and RNA or those that encode 
other proteins in an arachidonic acid metabolic or signaling 
pathway. Antisense oligonucleotides can be modified or 
unmodified RNA, DNA, or mixed polymer oligonucleotides, 
and, when introduced into a target cell, specifically bind to 
their target nucleic acid and interfere with transcription, RNA 
processing, transport and/or translation. Targeting double 
stranded (ds) DNA with oligonucleotide leads to triple-helix 
formation; targeting RNA will lead to double-helix forma 
tion. 

Antisense constructs can be designed to bind to the pro 
moter and other control regions, exons, introns or even exon 
intron boundaries of a gene. Antisense RNA constructs, or 
DNA encoding such antisense RNAs, can be employed to 
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inhibit gene transcription or translation or both within a host 
cell, either in vitro or in vivo, Such as within a host animal, 
including a human Subject. Nucleic acid sequences compris 
ing "complementary nucleotides are those which are 
capable of base-pairing according to the standard Watson 
Crick complementarity rules, where guanine pairs with 
cytosine (G:C) and adenine pairs with either thymine (A:T) in 
the case of DNA, or adenine pairs with uracil (A:U) in the case 
of RNA. 

While all or part of the gene sequence may be employed in 
the context of antisense construction, preferably any 
sequence 17 bases long can be used to specify a unique target 
sequence. Although shorter oligomers are easier to make and 
increase in vivo accessibility, numerous other factors are 
involved in determining the specificity of hybridization. The 
antisense oligonucleotide is selected Such that the binding 
affinity and sequence specificity to its complementary target 
is Sufficient for use as therapeutic agents. Thus, oligonucle 
otides of 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22 
or more base pairs can be used. One can readily determine 
whether a given antisense nucleic acid is effective at targeting 
of the corresponding host cell gene simply by testing the 
constructs in vitro to determine whether the endogenous 
gene's function is affected or whether the expression of 
related genes having complementary sequences is affected. 
Interfering RNA 

Interfering RNA (RNAi) fragments, particularly double 
stranded (ds) RNAi can be used to modulate an arachidonic 
acid metabolism or signaling pathway. Small interfering 
RNA (siRNA) are typically 19-25 nucleotide-long RNA mol 
ecules that interfere with the expression of genes. Methods 
relating to the use of RNAi to silence genes in C. elegans, 
Drosophila, plants, and humans are known in the art (Fire et 
al., Nature 391:806-811 (1998); Sharp, P. A. RNA interfer 
ence 2001. Genes Dev. 15:485-490 (2001); Tuschl, T. Chem. 
Biochem. 2: 239-245 (2001); WO0129058; and 
WO9932619). 
The nucleotide sequence employed RNAi comprises 

sequences that are at least about 15 to 50 basepairs. The 
sequence can be a duplex, optionally with overhangs at the 
5'-end and/or the 3'-end, where one strand of the duplex 
comprises a nucleic acid sequence of at least 15 contiguous 
bases having a nucleic acid sequence of a nucleic acid mol 
ecule within an arachidonic acid metabolic or signaling path 
way. The length of each Strand can be longer where desired, 
such as 19, 20, 21, 22, 23, 24, 25, or 30 nucleotides or up to the 
full length of any of those described herein. The single 
Stranded overhang can be, for example, 1, 2, 3, 4, 5, or 10 
nucleotides long, and can be present at the 3'-end, the 5' end, 
or both the 3'-end and the 5'-end. Such fragments can be 
readily prepared by directly synthesizing the fragment by 
chemical synthesis, by application of nucleic acid amplifica 
tion technology, or by introducing selected sequences into 
recombinant vectors for recombinant production. 

In particular, the nucleotide sequences or RNAi can be 
oligonucleotides complementary to the base sequences of 
5-LO or FLAP-encoding DNA and RNA or to the base 
sequences encoding other proteins in an arachidonic acid 
metabolism or signaling pathway. The oligonucleotides can 
be modified or unmodified RNA, DNA, or mixed polymer 
oligonucleotides, and, when introduced into a target cell, 
specifically bind to their target nucleic acid and interfere with 
transcription, RNA processing, transport and/or translation. 
Other Agents 

In another aspect of the invention, an additional agent or 
drug may be administered to the Subject. The additional agent 
can contain one or more active agents that effectively regulate 
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calcium homeostatis, modulate chondrogenesis, modulate 
osteogenesis, modulate bone remodeling, regulate pain, regu 
late inflammation, or have antibiotic activity. The additional 
active agent can be, but is not limited to, an estrogen, an IGF. 
insulin, bone morphogenetic proteins and other growth fac 
tors, osteoprotegrin (OPG), a calcitonin, a bisphosphonate, 
Vitamin D. or an analogue thereof, a statin, an adrogen, a 
fluoride salt, a parathyroid hormone or an analogue thereof, 
agents that enhance angiogenesis Such as vascular endothelial 
growth factor (VEGF), agents that alter regulation of tran 
Scription of naturally occurring hormone regulators involved 
in bone metabolism, a vitamin, a mineral Supplement, a nutri 
tional Supplement, and combinations thereof. The additional 
agent also may be an antibiotic Such as gentamycin, ciprof 
loxacin, Vancomycin, and/or others. This additional active 
agent can be administered to the Subject prior to, concurrently 
with or Subsequently to administration of the 5-lipoxygenase 
inhibitor of this invention. Anti-inflammatory drugs, includ 
ing but not limited to nonsteroidal anti-inflammatory drugs 
and corticosteroids, p38 kinase inhibitors, and antiviral drugs, 
including but not limited to ribivirin, Vidarabine, acyclovir 
and ganciclovir, may also be combined in compositions of the 
invention. Antibiotic compounds including but not limited to 
gentamicin, teicoplanin, tobramycin, and Vancomycin, may 
also be combined in the composition of the invention. 

III. PHARMACEUTICAL FORMULATIONS AND 
MODES OF ADMINISTRATION 

The methods described herein use pharmaceutical compo 
sitions comprising the molecules described above, together 
with one or more pharmaceutically acceptable excipients or 
vehicles, and optionally other therapeutic and/or prophylactic 
ingredients. Such excipients include liquids such as water, 
saline, glycerol, polyethyleneglycol, hyaluronic acid, etha 
nol, cyclodextrins, modified cyclodextrins (i.e., Sulfobutyl 
ether cyclodextrins) etc. Suitable excipients for non-liquid 
formulations are also known to those of skill in the art. Phar 
maceutically acceptable salts can be used in the compositions 
of the present invention and include, for example, mineral 
acid salts such as hydrochlorides, hydrobromides, phos 
phates, Sulfates, and the like; and the salts of organic acids 
Such as acetates, propionates, malonates, benzoates, and the 
like. A thorough discussion of pharmaceutically acceptable 
excipients and salts is available in Remington's Pharmaceu 
tical Sciences, 18th Edition (Easton, Pa.; Mack Publishing 
Company, 1990). 

Additionally, auxiliary Substances, such as wetting or 
emulsifying agents, biological buffering Substances, Surfac 
tants, and the like, may be present in Such vehicles. A bio 
logical buffer can be virtually any solution which is pharma 
cologically acceptable and which provides the formulation 
with the desired pH, i.e., a pH in the physiologically accept 
able range. Examples of buffer Solutions include Saline, phos 
phate buffered saline, Tris buffered saline, Hank's buffered 
saline, and the like. 

Depending on the intended mode of administration, the 
pharmaceutical compositions may be in the form of Solid, 
semi-solid or liquid dosage forms. Such as, for example, tab 
lets, suppositories, pills, capsules, powders, liquids, Suspen 
sions, creams, ointments, lotions or the like, preferably in unit 
dosage form suitable for single administration of a precise 
dosage. The compositions will include an effective amount of 
the selected drug in combination with a pharmaceutically 
acceptable carrier and, in addition, may include other phar 
maceutical agents, adjuvants, diluents, buffers, etc. 
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The invention includes a pharmaceutical composition 
comprising a compound of the present invention including 
isomers, racemic or non-racemic mixtures of isomers, or 
pharmaceutically acceptable salts or Solvates thereof together 
with one or more pharmaceutically acceptable carriers, and 
optionally other therapeutic and/or prophylactic ingredients. 

In general, compounds of this invention will be adminis 
tered as pharmaceutical formulations including those Suitable 
for oral (including buccal and Sub-lingual), rectal, nasal, topi 
cal, pulmonary, vaginal or parenteral (including intramuscu 
lar, intraarterial, intrathecal, Subcutaneous and intravenous) 
administration, in a form Suitable for administration by inha 
lation or insufflation, or in a form suitable for administration 
at the bone formation site. The preferred manner of adminis 
tration is oral or intravenous using a convenient daily dosage 
regimen which can be adjusted according to the degree of 
affliction. 

Formulations for delivery at the bone formation site 
include adsorption onto or encapsulation within polylactide 
and/or polygalactide polymers, palmitic acid, alginate, plas 
ter, calcium sulfate, calcium phosphate, mixtures of calcium 
Sulfate and calcium phosphate, hydroxyapatite, collagen or 
other extracellular matrix material, bone wax (such as that 
from CP Medical, Inc., Ethicon, Inc., Unites States Surgical 
Corp., or Ceremed), Orthocon Bone Putty (a mixture of cal 
cium Stearate, vitamin E acetate, and alkylene oxide copoly 
mer) or other materials or compounds that can be used for this 
purpose. Delivery can be accomplished by direct placement 
at the bone formation site or by deposition of the active 
compound of the invention with or without a carrier onto the 
Surface of prosthetic or Surgically implanted devices. 
A pharmaceutically or therapeutically effective amount of 

the composition is delivered to the subject. The precise effec 
tive amount varies from Subject to Subject and depends upon 
the species, age, the Subject's size and health, the nature and 
extent of the condition being treated, recommendations of the 
treating physician, and the therapeutics or combination of 
therapeutics selected for administration. Thus, the effective 
amount for a given situation can be determined by routine 
experimentation. For purposes of the present invention, gen 
erally a therapeutic amount will be in the range of about 0.05 
mg/kg to about 40 mg/kg body weight, more preferably about 
0.5 mg/kg to about 20 mg/kg, in at least one dose. In larger 
mammals the indicated daily dosage can be from about 1 mg 
to 4,800 mg. one or more times per day, more preferably in the 
range of about 10 mg to 1,200 mg. The subject may be 
administered as many doses as is required to reduce and/or 
alleviate the signs, symptoms, or causes of the disorder in 
question, or bring about any other desired alteration of a 
biological system. One of ordinary skill in the art of treating 
such diseases will be able, without undue experimentation 
and in reliance upon personal knowledge and the disclosure 
of this application, to ascertain a therapeutically effective 
amount of the compounds of this invention for a given dis 
ease. When practicing the methods of the invention starting 
human doses may need to be estimated from rat dose data. 
Such estimation methods are well known in the art. See FDA 
publication "Guidance for Industry: Estimating the Maxi 
mum Safe Starting Dose in Initial Clinical Trials for Thera 
peutics in Adult Healthy Volunteers’ published July 2005 
(Federal Register Document 5-14456) and available online at 
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www.fda.gov/Cder/guidance/5541 finlpdf. In general, the rat 
dose expressed as mg/kg should be divided by 6.2 to obtain an 
equivalent human dose. 
When desired, formulations can be prepared with enteric 

coatings adapted for Sustained or controlled release adminis 
tration of the active ingredient. 
The pharmaceutical preparations are preferably in unit 

dosage forms. In Such form, the preparation is Subdivided into 
unit doses containing appropriate quantities of the active 
component. The unit dosage form can be a packaged prepa 
ration, the package containing discrete quantities of prepara 
tion, Such as packeted tablets, capsules, and powders in vials 
or ampoules. Also, the unit dosage form can be a capsule, 
tablet, cachet, or lozenge itself, or it can be the appropriate 
number of any of these in packaged form. 

IV. EXPERIMENTAL 

Below are examples of specific embodiments for carrying 
out the present invention. The examples are offered for illus 
trative purposes only, and are not intended to limit the scope 
of the present invention in any way. 

Efforts have been made to ensure accuracy with respect to 
numbers used (e.g., amounts, temperatures, etc.), but some 
experimental error and deviation should, of course, be 
allowed for. 

Example 1 

5-LO Knock Out Mice 

Knock out mice lacking 5-lipoxygenase (Alox5-/- or 
5-LO-/-) were purchased from Jackson Laboratory, Bar Har 
bor, Me. An impending femur fracture was stabilized with an 
intramedullary wire that was inserted retrograde into the 
femoral canal. A three-point bending device was used to make 
the fracture. Femur fracture healing was measured or 
assessed by histomorphometry, radiography, and torsional 
mechanic testing. The 5-LO-/- mice demonstrated Statisti 
cally significant, quantitative acceleration and enhancement 
offracture healing as compared to wild-type mice of identical 
genetic background and age (C57BL/6). Closed mid-diaphy 
seal fractures were made in 10-12 week old female mice. 
Fracture healing was assessed by X-rays (FIG. 3) and quanti 
tatively assessed by torsional mechanical testing 4 and 12 
weeks after fracture (FIG. 4 and TABLE 2). After 4 or 12 
weeks of healing, the fractured femurs from 5LO-/- and wild 
type (WT) mice were excised and mechanically tested to 
failure in torsion using an MTS servohydraulic test machine 
and Interface 20Nm torque load cell. Fractured femur dimen 
sions were measured before and after testing. Peak torque, 
rigidity, maximum shear stress, and shear modulus were cal 
culated from callus dimensions and the torque to angular 
displacement curves. All mechanical parameters were 
50-120% higher after 4 weeks of healing in the 5-LO-/- as 
compared to the WT mice. Histomorphometric analysis of 
time-staged fracture specimens from normal and 5-LO-/- 
mice showed that cartilage area peaked early and to a greater 
extent in the 5-LO-/- mice (FIG. 5 and TABLE 3). Further, 
significantly more new bone (mineralized tissue) was present 
in the 5-LO-/- fracture callus at 7 and 10 days after fracture. 
The data demonstrate that fracture healing is accelerated and 
enhanced in the 5LO-KO mice. 
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TABLE 2 

Summary of fractured femur torsional mechanical testing data from 5-LO-f- and 
wild-type nice of identical genetic background and age at time of fracture (FX). 

Mean Percentages (Fracture/Contralateral) it SD 

Sample Days Peak Max. Shear Shear 
Strain Size Post-Fx Torque Rigidity Stress Modulus 

CSTBL,6 9 28 853 - 16.7 61.931.3 18:25.4 7.84.4 
CSTBL,6 6 84 77.8. 20.1 110.6 - 19.1 26.2 - 12.8 25.9 - 13.4 
Lox5-i- 8 28 128.5 - 30.3 109.9 37.4 31.89.O. 17.4 11.1 
Lox5-i- 8 84 1314 26.O 95.837.8 49.8 16.9 23.2 - 13.2 

TABLE 3 

Summary of fracture callus histomorphometric analysis from 5-LO-f- and wild-type 
nice of identical genetic background and age at time of fracture. 

Percent Cartilage Percent Mineralized Tissue 
meant S.D. meant S.D. 

Time Point Wild-Type 5-LO-f- P value Wild-Type 5-LO-f- P value 

7 days 7.84 - 1.31 30.84 - 346 <0.001 12.89 - 3.76 24.56 - 3.33 <0.001 
10 days 20.16 + 6.13 14.46 + 7.53 0.226 35.49 + 9.67 47.57 + 2.86 0.028 
14 days 3.63 - 1.37 273 - 3.71 0.625 44.66 - 7.14 51.46 - 5.38 0.127 
21 days OO OO 1.OOO 77.26 6.26 75.722.SS O-624 

The serial x-rays (FIG. 3) show that fracture healing is 30 Example 2 
accelerated in the 5LO-/- mice as compared to wild type 
mice (C57BL/6). More specifically, the 10 day old fracture COX-2 Knockout Mice 
from the 5LO-/- mouse appears to be at similar stage as the 
14 dav old f f R ild s 14 d Fracture healing was assayed in mice with a targeted dele 

ay O racture rom the wild type mouse, the 35 tion of the COX-2 gene. Closed, mid-diaphyseal femur frac 
5LO-/- fracture is similar to the 21 day wild type fracture, tures were made in the right hindlimb of COX-2 knockout, 
and the 1 month 5LO-/- fracture is similar to a 3 month old COX-1 knockout, and wild type mice (not shown). Fracture 
wild type fracture. The mechanical testing data show quanti- healing was assessed by X-rays and histology (FIG. 6), and by 
tatively that the structural and material properties of the mechanical testing (not shown). The data show that fracture 
5-LO-/- fracture callus were statistically significantly better " his styles 1. th ? yout 
than the controls after 4 weeks of healing with a 50% increase m1ce, but not line - Knockout or wild type mice. X-rays 

Oa - 0 Oa after 14 days of healing show a large mineralized fracture 
in peak torque, a 75% increase in rigidity, a 75% increase in callus in the COX-1 knockout mouse (FIG. 6) with little or no 
maximum shear stress, and over a 100% increase in shear evident mineralized callus in the COX-2 knockout mouse. 
modulus. Further, the 4 week mechanical testing parameters 45 Histological examination confirmed the X-ray findings in that 
from the 5LO-/- mice were similar to those from the 12 week the COX-2 knockout callus had a significant amount of car 
wild type mice, supporting the X-ray data of FIG. 3 and tilage but no new bone was evident. Torsional mechanical 
demonstrating that fracture healing was accelerated and testing data shows that fracture callus structural and material 
enhanced in the 5LO-/- mice. After 12 week of healing, the 50 properties are statistically significantly worse than COX-1 
rigidity and shear modulus of the wild-type fracture callus knockout or wildtype mice. When combined with the experi 

mental results of example 1, example 3, and example 4 this had caught-up with the 5-LO-/- fracture callus. Histomor- - 0 h fti df 11 demonstrates how arachidonic acid metabolic or signaling 
phometric measurements o time-stage racture Callus speci- can be manipulated according to the methods of the invention 
mens from the 5-LO-/- and WT mice support the mechanical to affect bone formation. 
and radiographic observations (FIG. 5 and TABLE 2). Callus 55 
cartilage area peaked by day 7 post-fracture in the 5-LO-/- Example 3 
mice but not until day 10 in the WT mice. There was almost 
4-times more cartilage present in the 5-LO-/- callus at day 7 Treatment of Rats with a 5-Lipoxygenase Inhibitor 
as compared to that from the WT mice. Concurrently, more 
new bone formation also occurred in the 5-LO-/- mice with 60 Sprague-Dawley rats (3 months old) underwent a standard 

closed femur fracture procedure as described in the art (Si almost twice as much new bone (mineralized tissue) present 
dav 7 and 30% more new bone at dav 10 as compared to the mon et al. Journal of Bone and Mineral Research, 17(6): 

at day 7 and 30% mor at aay lu p 963-976 (2002); Bonnarens and Einhorn, Production of a 
WT mice. The data is thus consistent with fracture healing standard closed fracture in laboratory animal bone. Journal 
occurring faster and producing more mechanically sound 6s of Orthopaedic Research, 2: 97-101 (1984)). The impending 
fracture callus with enhanced structural and material proper 
ties in the 5-LO-/- mice than in normal mice. 

fracture was stabilized with an intramedullary stainless steel 
pin. Beginning 4 hours after fracture the rats were treated with 
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30 mg/kg of NDGA (nordihydrogaiaretic acid) in 1% meth 
ylcellulose (5-lipoxygenase inhibitor treatment group) or 
with carrier only (1% methylcellulose). The day after surgery 
and continuing until day 14 post-fracture, experimental rats 
were treated with 2 doses of NDGA (30 mg/kg), the first dose 
between 8-10 AM and then again with another NDGA dose 
8-10 hours later. Control rats were treated similarly but with 
carrier only (1% methylcellulose). Three weeks after frac 
ture, the rats were sacrificed, the fractured femurs were har 
Vested, and high resolution radiographs were made of the 
fractured femurs using a Packard Faxitron and Kodak 
MinR2000 mammography film. Two representative radio 
graphs are shown in FIG. 7 for each treatment group: control 
and 5-lipoxygenase (5-LO) inhibitor treated. 
The radiographs show that after 3 weeks the fractured 

femurs of the 5-LO inhibitor treated rats were bridged with 
new bone. In contrast, a well-formed, mineralized fracture 
callus has formed in the control rats but the fracture site had 
not yet bridged with new bone. In rat C, the fracture is bridged 
with new bone on the medial (top) and lateral (bottom) sides 
of the fracture callus. In rat D, the fracture is bridged with new 
bone on the lateral side (bottom) and shows indications of 
new bone bridging on the medial side. No new bone bridging 
is evident in the control rats (rats A and B). The data thus 
demonstrates that 5-LO inhibitor therapy can accelerate the 
fracture healing process in young, normal rats. 

Example 4 

Treatment of Rats with 5-Lipoxygenase Inhibitors 

Sprague-Dawley rats (3 months old) underwent a standard 
closed femur fracture procedure as described in the art (Si 
mon et al. Journal of Bone and Mineral Research, 17(6): 
963-976 (2002); Bonnarens and Einhorn, Production of a 
standard closed fracture in laboratory animal bone. Journal 
of Orthopaedic Research, 2: 97-101 (1984)). The impending 
fracture was stabilized with an intramedullary stainless steel 
pin. Beginning 4 hours after fracture the rats were treated with 
vehicle (1% methylcellulose) or inhibitors of 5-LO sus 
pended in 1% methylcellulose Inhibitor A (NDGA) was 
administered at 30 mg/kg and Inhibitor B (AA-861) was 
administered at 5 mg/kg. The day after Surgery and continu 
ing until day 21 post-fracture, experimental rats were treated 
with 2 doses of inhibitor (either A or B), the first dose between 
8-LOAM and then again with another dose 8-10 hours later. 
Control rats were treated similarly but with carrier only (1% 
methylcellulose). Three weeks after fracture the rats were 
anesthetized and high resolution radiographs were made of 
the fractured femurs using a Packard Faxitron and Kodak 
MinR2000 mammography film (FIGS. 8A, 8B, and 8C). Five 
weeks after fracture the rats were sacrificed, femurs resected, 
and assayed for structural mechanical properties by torsional 
mechanical testing (FIG. 8D). 
The radiographs showed that after 3 weeks of healing, the 

fractures appeared bridged in the 5-LO inhibitor treated rats 
but not in the vehicle treated rat. 

Torsional mechanical testing was used to measure the peak 
torque sustained by each femur after 5 weeks of healing. The 
data show that the femurs from the Inhibitor A (NDGA) 
treated rats and from the Inhibitor B treated rats had 22% and 
53% greater peak torque than vehicle treated rats (FIG. 8D). 
In addition, all of the femurs from the Inhibitor A or B treated 
rats failed as boney unions while 13% (2 of 15) of the femurs 
from the vehicle treated rats failed as non-unions with no 
apparent bone bridging. 
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These experimental observations demonstrate that 5-LO 

inhibition therapy can accelerate (faster bone bridging) and 
enhance (better mechanical properties) fracture healing. 

Example 5 

Ex Vivo Treatment Methods. Using Small Molecule 
Compounds, RNAi, and Antisense Compounds 

Methods to promote ex vivo osteogenesis are used, e.g., to 
aid in healing of recalcitrant bone fractures, segmental 
defects caused by traumatic injuries or pathological resection 
of bone segments, or for joint arthrodesis. In these instances, 
precursor bone cells are isolated from a subject or from a 
Suitable donor and are cultured ex vivo using standard meth 
ods. The cells are grown in or seeded into an appropriate 
scaffold that either represents the segment of missing bone or 
can be molded to fit the missing segmentorjuxtapose the ends 
of the bone. The cells are induced to form bone ex vivo using 
appropriate cell culture conditions or with inductive factors, 
such as bone morphogenetic protein-2 (BMP-2). Once the 
cells have begun to elaborate a new bone matrix, the construct 
can be implanted into the patient to effect osteogenesis and 
promote healing. This sequence of events is typically referred 
to as a tissue engineering approach to enhancing osteogen 
CS1S. 

Inhibition of 5-lipoxygenase (5-LO) can be used to pro 
mote ex vivo bone formation for tissue engineering applica 
tion. This is accomplished by promoting osteogenesis ex vivo 
with small molecule inhibitors of 5-LO or FLAP alone or in 
combination with well known inductive agents, such as BMP 
2. 
A second approach uses RNAi technology to inhibit 5-LO 

activity and promote ex vivo osteogenesis. This is accom 
plished by transfecting the cultured precursor skeletal cells 
with pools of siRNA sequences using commercially available 
transfection reagents, such as TransT-TKO or jetSI. 
Approximately 1 million cells are transfected with a cocktail 
of 3 siRNAs specific for 5-LO or FLAP using 50-200 pmoles 
of each siRNA. Alternatively, a pool of siRNAs that target 
5-LO and FLAP is used. As a control, cells are transfected 
similarly with commercially available siRNAs developed to 
knock-down enhanced green fluorescent protein (EGFP). 
Knock-down of 5-LO or FLAP is confirmed by western blot 
analysis and the results quantified to insure a greater than 80% 
reduction in 5-LO and/or FLAP expression. 
The treated precursor skeletal cells are cultured and osteo 

genesis is assessed as extracellular matrix production of car 
tilage or bone matrix using measures such as alcian blue or 
alizarin red binding as appropriate or measures of specific 
matrix protein. Knock-down of 5-LO or FLAP promotes 
osteogenesis based upon enhanced calcified matrix deposi 
tion measured by alizarin red binding. This indicates that an 
RNAi or anti-sense approach to inhibiting 5-LO activity is 
useful for promoting osteogenesis ex vivo for purposes of 
tissue engineering. 

Pools of siRNA pairs for 5-LO can be chosen, e.g., from 
POOL-A (5'-AACTGG GCGAGATCCAGCTGG-3 (SEQ 
ID NO:9),5'-AAGCTC CCG GTGACCACG GAG-3 (SEQ 
ID NO: 10), 5'-AAG GAA GCC ATG GCC CGA TTC-3) 
(SEQID NO: 11), POOL-B (5'-AATCGA GAA GCGCAA 
GTA CTG-3' (SEQ ID NO: 12), 5'-AAG GAG TGG ACT 
TTG TTC TGA-3' (SEQ ID NO: 13), 5'-AAC TTC GGC 
CAG TAC GAC TGG-3) (SEQ ID NO: 14), or POOL-C 
(5'-AAGTTG GCC CGA GAT GACCAA-3' (SEQID NO: 
15), 5'-AAC ACA TCT GGT GTC TGA GGT-3' (SEQ ID 
NO: 16), 5'-AAC CAT GCGAGCCCC GCC ACC-3') (SEQ 
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ID NO: 17). Pools of siRNA pairs for FLAP can be chosen, 
e.g., from POOL-D (5'-AAG CAA ACA TGG ATC AAG 
AAA-3' (SEQ ID NO: 18), 5'-AAG TTC CTG CTG CGT 
TTGCTG-3 (SEQID NO:19),5'-AATTCAGCTCTTGAG 
AGCATT-3)(SEQID NO:20), POOL-E (5'-AATGGATTC 
TTT GCC CATAAA-3' (SEQIDNO: 21),5'-AAG TACTTT 
GTCGGTTAC CTA-3' (SEQID NO: 22),5'-AATCTATTG 
GCC ATC TGG GCT-3') (SEQ ID NO. 23), or POOL-F 
(5'-AAC CAGAACTGT GTAGAT GCG-3' (SEQ ID NO: 
24), 5'-AAG TGA CTTTGAAAA CTA CAT3' (SEQ ID 
NO:25), 5'-AATGAT GTCATG TCA GCT CCG-3') (SEQ 
ID NO: 26). For brevity, only the sense strand of each siRNA 
pair is shown. It is well known in the art that siRNA pairs are 
double stranded small RNAs that have a 5'-AA overhang on 
the sense Strand and a 5'-UU overhang on the antisense Strand. 

10 

38 
One skilled in the art also will recognize that additional 

strategies to inhibit expression of 5-LO or FLAP can be used 
to promote the same osteogenic effects in the precursor skel 
etal cells. Such technologies include use of anti-sense. 

Exemplary 5-Lipoxygenase anti-sense sequences include, 
e.g., 5'-GCAGGT GCTTCT CGCTGCAGCC-3' (SEQID 
NO: 27), 5'-GCC AGT ACTTGC GCTTCT CG-3' (SEQID 
NO: 28), 5'-CCA TCG ATATTGTTTTTG CC-3' (SEQ ID 
NO: 29), 5'-GGAGCTTCT CGG GCA GCT CTG TGC-3' 
(SEQID NO:30),5'-CCAGGTTCTTATACAGCAAGC-3' 
(SEQID NO:31), 5'-CCA GCA GCTTGAAAATGGGGT 
GC-3' (SEQID NO:32),5'-GCCCCGGGCCTTGATGGC 
C-3' (SEQ ID NO:33), 5'-CCA CGC CCTTGG CAG TCG 
G-3 (SEQ ID NO:34), and 5'-GCG GAATCGGGC CAT 15 

It also is well known in the art that backbone chemistry GGCTTC C-3' (SEQID NO:35). 
modifications can be advantageous for stabilizing or improv- Exemplary FLAP anti-sense sequences include, e.g., 
ing the uptake of the siRNA molecules. Pirollo KF et al., 5'-GTT CCG GTC CTCTGG AAG CTCC-3' (SEQID NO: 
(2003), Rait A, Sleer LS, Chang E. H. 'Antisense therapeu- 36), 5'-CGC AGACCAGAGCAC AGC G-3' (SEQID NO: 
tics: from theory to clinical practice.” Pharmacol Ther. 99(1): 37), 5'-GCA AAC GCA GCAGGAAC-3' (SEQID NO:38), 
55-77. Manufacture of oligonucleotides with advantageous 5'-CGTTTC CCAAAT ATG TAG CC-3' (SEQID NO:39), 
backbone chemistry modifications is within the level of ordi- 5'-GTTTTC AAA GTC ACT TCC G-3 (SEQ ID NO: 40), 
nary skill, and use of Such modified—backbone compounds 5'-GGT TAA CTC AAG CTG TGA AGC-3' (SEQ ID NO: 
(as well as non-modified-backbone compounds) is within the 41), 5'-GGA GCT GAC ATGACATC-3' (SEQID NO: 42), 
Scope of the present invention. and 5'-GGC CAC GGT CAT GTT CAAGG-3 (SEQID NO: 
One skilled in the art will recognize that in addition to 43). 

direct transfection of the siRNAs into cells, expression vec- Thus, novel methods for promoting osteogenesis to accel 
tors can be developed that express these or similar sequences erate or enhance bone fracture healing, treat bone defects, and 
and the expression vectors delivered to the cells by transfec- enhance bone formation are disclosed. Although preferred 
tion, viral mediated delivery, or methods for delivering DNA so embodiments of the subject invention have been described in 
molecules into cells. The expression vectors express the siR- Some detail, it is understood that obvious variations can be 
NAs leading to sustained inhibition of 5-LO, FLAP, or both made without departing from the spirit and the scope of the 
and thereby promoting osteogenesis. invention as defined by the appended claims. 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 43 

<21 Os SEQ ID NO 1 
&211s LENGTH: 2568 
&212s. TYPE: DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs SEQUENCE: 1 

gcc agggacc agtggtggga gaggctg.cg gC9ctagatg C9gacacct gaccgcc.gc.g 60 

cc.gaggct cc cqgcgct cqc tictoccgcg gcc.cgc.gc.ca tocct cota cacggt cacc 12O 

gtggccact g gCagc.ca.gtg gttcgc.cggc actgacgact acat ctacct cago: ct cqtg 18O 

ggctcggcgg gctgcagcga galagcacct g Ctggacaagc ccttct acaa cactt.cgag 24 O 

cgtggcgcgg tigatt cata cacgtgact gtggacgagg aactgggcga gatc.ca.gctg 3 OO 

gtcagaatcg agaag.cgcaa gtactggctgaatgacgact gg tacctgaa gtacat cacg 360 

ctgaagacgc cc cacgggga ct acatcgag titcc cct gct accgctggat Caccggcgat 42O 

gtcgaggttg tcctgaggga tiggacgc.gca aagttggcCC gagatgacca aatt Cacatt 48O 

Ctcaa.gcaac accgacgtaa agaactggala acacggcaaa aacaat atcg atggatggag 54 O 

tggaaccct g gct tcc.cctt gagcatcgat gccaaatgcc acaaggattt accc.cgtgat 6 OO 

atcCagtttg at agtgaaaa aggagtggac tttgttctga attact coaa agcgatggag 660 

aacct gttca to aaccoctt catgcacatgttccagt citt cittggaatga ctitcgc.cgac 72O 

tttgagaaaa totttgtcaa gatcagdaac actatttctg agcgggtoat gaat cactgg 78O 

Caggalagacic tatgtttgg ctaccagttc ctgaatggct gcaa.ccctgt gttgat Cogg 84 O 
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Asn 

Glu 
335 

Ala 

Thir 

Met 

Ala 

Luell 
415 

Gly 

Ala 

Trp 

Glu 

Asp 
8O 

Ile 

Luell 

Luell 

Cys 
160 

Wall 

Asn 

Phe 

Met 

Gly 
24 O 

Luell 

Ser 

Glu 

Glin 

Lys 

Asn 

His 

Tyr 

His 
4 OO 

Ile 

Gly 

Ser 

Glu 

Glu 

Gly 
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Asp Glin Val 

Val Tyr Val 
515 

Ser Val Lys 
53 O 

Phe Thir Ala 
5.45 

Trp. Cys Ser 

Pro Thir Ala 

Pro Asp Arg 
595 

Ser Glin Phe 
610 

His Phe Ile 
625 

Asn Lieu. Glu 

Glin Lieu. Pro 

Ala Ile 

<210s, SEQ I 
&211s LENGT 
212. TYPE : 

485 

43 

Val Glu Glu Asp Pro 
SOO 

Tyr Gly Met Arg Gly 

Ser Arg Glu Gln Lieu 
535 

Ser Ala Glin His Ala 
550 

Trp Ile Pro Asn Ala 
565 

Lys Gly Val Val Thr 

Gly Arg Ser Cys Trp 

Glin Glu ASn Glu Lieu 
615 

Glu Lys Pro Wall Lys 
630 

Ala Ile Wal Ser Wall 
645 

Tyr Tyr Tyr Lieu Ser 
660 

D NO 3 
H: 873 
DNA 

<213> ORGANISM: Homo sapiens 

<4 OOs, SEQUENCE: 3 

act tcc cott 

agcctgaagc 

c cct catcag 

CCC agaatgg 

c caaccagaa 

tactittgcag 

agtactttgt 

aacgcatcat 

tottct ttitt 

c to tact t ct 

tacctacaag 

aaatctattg 

tgatgt catg 

gcattttgtt 

gttittcttaa 

<210s, SEQ I 
&211s LENGT 
212. TYPE : 

Cctgtacagg 

aalacatggat 

cgtggit coag 

gaggagct tc 

Ctgtgtagat 

c caagttcct 

cggittaccta 

act citt cotg 

cggaagtgac 

CattocCtaa 

toatcataat 

gcc atctggg 

t cagotcc.gc 

tgtttctt.ca 

aataaaatgc 

D NO 4 

H: 161 
PRT 

gCaggttgttg 

Caagaaactg 

aatggatt ct 

cagaggaccg 

gcqtaccc.ca 

ggaga.gagaa 

titcct catgt 

tittgaaaact 

citct citgctg 

t cagotcttg 

citt cacagct 

c ccttgaaca 

cittatcctgt 

agaga catgt 

490 

Glu Lieu. Glin 
505 

Arg Llys Ser 

Ser Glu Tyr 

Ala Wall Asn 
555 

Pro Pro Thir 
st O 

Ile Glu Glin 
585 

His Lieu. Gly 

Phe Leu Gly 

Glu Ala Met 
635 

Ile Ala Glu 
650 

Pro Asp Arg 
665 

Cagctggagg 

taggcaatgt 

ttgcc cataa 

gaacacttgc 

citttcct cqc 

Ctggactgat 

cgcagagcac 

cc.gttgctgg 

acataaagac 

aatatggggt 

agagcattct 

tgagttalacc 

tgaccgtggc 

t citctgaaga 

titt 
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Asp 

Ser 

Lell 
54 O 

Phe 

Met 

Ile 

Ala 

Met 

Ala 

Arg 

Ile 

Phe 

Gly 
525 

Thir 

Gly 

Arg 

Wall 

Wall 
605 

Arg 

Asn 

Pro 

Wall 

Phe 

Wall 

Glin 

Ala 

Asp 
59 O 

Trp 

Pro 

Phe 

Asn 
67 O 

cagagcagtic 

tgtcc tdttg 

agtggagcac 

Ctttgagcgg 

tgtgctctgg 

gtacttgttt 

c cctdgctac 

Catattoaac 

gat ct coacc 

tggtgttctic 

gct cittctitt 

ttgctttitcc 

cc caaatttg 

tgttttgttga 

495 

Asn Asp 

Pro Llys 

Wall Ile 

560 

Pro Pro 
sts 

Thir Lieu. 

Ala Lieu 

Glu Glu 

Arg Llys 
64 O 

Llys Llys 
655 

Ser Wall 

Ctctctgggg 

gcc atcqtca 

gaaag cagga 

gtctacactg 

tctg.cgggg.c 

gtgaggcaaa 

at atttggga 

tattacctica 

acCatct CCC 

atctaat Caa 

agatggctgt 

gggaacaaaa 

citat tcc cat 

cCaggitttgt 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

873 

44 



&213s ORGANISM: 

<4 OOs, SEQUENCE: 4 

45 

Homo sapiens 

Met Asp Glin Glu Thr Val Gly Asn 
1. 

Lell 

Glu 

Ala 

Pro 
65 

Wall 

Ile 

Gly 

Asn 
145 

Pro 

< 4 OOs 

Ile 

Ser 

Phe 
SO 

Thir 

Pro 

Phe 

Phe 

Ile 
13 O 

Ser Val Val Glin Asn Gly 

Arg Thr Glin Asn Gly Arg 
35 4 O 

Glu Arg Val Tyr Thr Ala 
55 

Phe Lieu Ala Val Lieu. Trp 
70 

Ala Ala Phe Ala Gly Lieu. 
85 

Val Gly Tyr Lieu. Gly Glu 

Gly Lys Arg Ile Ile Lieu. 
115 12 O 

Phe Asn Tyr Tyr Lieu. Ile 
135 

Ile Llys Thr Ile Ser Thr 
150 

SEO ID NO 5 
LENGTH: 4465 
TYPE: DNA 

ORGANISM: Homo sapiens 

SEQUENCE: 5 

caattgtcat acgacttgca 

citcc titcago tocacago.ca 

tgc.ccgc.cgc ticggatgctic 

atacagcaaa toctitgctgt 

gatttgacca gtataagtgc 

caccggaatt tttgacaaga 

acatacttac ccacttcaag 

atgcaattat gagittatgtc 

acaatgctga citatggctac 

gag.ccct tcc ticcitgtgc ct 

agct tcctga ttcaaatgag 

atcc cc aggg Ctcaaacatg 

t calagacaga t cataagcga 

taaatcat at ttacggtgaa 

gaaaaatgaa atat cagata 

aggcagagat gatctacc ct 

aggit ctittgg totggtgc ct 

acagagtatg cgatgtgctt 

gtgagcgt.ca 

gacgc.cctica 

gcc.cgc.gc.cc 

to CCaCCC at 

gattgtaccc 

ataaaattat 

ggattittgga 

ttgacatcca 

aaaagctggg 

gatgattgcc 

attgttggaaa 

atgtttgcat 

gggc.cagctt 

actctggcta 

attgatggag 

cct caagt cc 

ggtctgatga 

aaacaggagc 

Wal Wall Lieu. 
1O 

Phe Phe Ala 
25 

Ser Phe Glin 

ASn Glin Asn 

Ser Ala Gly 
7s 

Met Tyr Lieu. 
90 

Arg Thr Glin 
105 

Phe Lieu. Phe 

Phe Phe Phe 

Thir Ile Ser 
155 

ggagcacgt.c 

gacagcaaag 

tgctgctgtg 

gtcaaaaccg 

gga caggatt 

ttctgaaacc 

acgttgttgaa 

gat cacattt 

aagcc ttctic 

cgact coctit 

aattgcttct 

t ctittgcc.ca 

t caccaacgg 

gacagcgtaa 

agatgitaticc 

ctgagcatct 

tgitatgccac 

atcctgaatg 
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Lell 

His 

Arg 

Cys 
6 O 

Lell 

Phe 

Ser 

Lell 

Gly 
14 O 

Pro 

Ala 

Thir 
45 

Wall 

Lell 

Wall 

Thir 

Met 
125 

Ser 

Lell 

Ile Wall. Thir 
15 

Wall Glu. His 
3O 

Gly Thr Lieu. 

Asp Ala Tyr 

Cys Ser Glin 
8O 

Arg Gln Lys 
95 

Pro Gly Tyr 
11 O 

Ser Wall Ala 

Asp Phe Glu 

Lieu. Lieu. Ile 
160 

Caggaactcc ticago agcgc 

cct accc.ccg cqc.cgc.gc.cc 

cgcggtc.ctg gcgct cago C 

aggtgtatgt atgagtgtgg 

Ctatggagaa aactgct cala 

cactic caaac acagtgcact 

taacatt coc titcct tcgaa 

gattgacagt ccaccaactt 

talacct citcc tattatact a 

gggtgtcaaa ggtaaaaagc 

aagaagaaag titcatcCctg 

gcactitcacg catcagttitt 

gctgggc cat ggggtggact 

actgcgc.ctt ttcaaggatg 

tcc cacagtic aaagatactic 

acggtttgct gttggggcagg 

aatctggctg cgggalacaca 

gggtgatgag cagttgttcC 

6 O 

12 O 

18O 

24 O 

3OO 

360 

54 O 

660 

72 O 

84 O 

9 OO 

96.O 

108 O 

46 
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agacaa.gcag gctaat actg at aggagaga ct attaagat ttgattgaa gattatgtgc 14 O 

aacacttgag toggctatoac ttcaaactga aatttgaccc agaac tactt ttcaacaaac 2OO 

aatticcagta ccaaaatcgt attgctgctgaatttaacac cct citat cac tdgcatc.ccc 26 O 

ttctgcctga cacctittcaa att catgacc agaaatacaa citat caa.cag tittatctaca 32O 

acaactictat attgctggaa catggaatta cccagtttgt togaat catt c accaggcaaa 38O 

ttgctggcag ggttgctggt gg taggaatgttccaccc.gc agtacagaala gitat cacagg 44 O 

ctitccattga ccagagcagg cagatgaaat accagtc.ttt taatgagtac cqcaaacgct SOO 

titatgctgaa gcc ctatgaa t catttgaag aacttacagg agaaaaggala atgtctgcag 560 

agttggaagc actictatggit gaCatcgatg Ctgtggagct gtatic ctgcc Cttctgg tag 62O 

aaaa.gc.ct cq gccagatgcc at Ctttggtgaaaccatggit agaagttgga gcaccattct 68O 

c ctitgaaagg act tatgggit aatgttatat gttct cotgc ctactggaag ccaag cactt 74 O 

ttggtggaga agtgggttitt caaat catca acact gcctic aatticagt ct citcatctgca 8OO 

ataacgtgaa goggctgtc.cc titt actt cat t cagtgttcc agatccagag ct cattaaaa 86 O 

cagt caccat caatgcaagt tott.ccc.gct c cqgacitaga tigatat caat cocacagtac 92 O 

tactaaaaga acgttcgact gaactgtaga agtictaatga t catattitat ttatttatat 98 O 

gaac catgtc. tattaattta attatttaat aatatttata ttaaact cot tatgttactt 2O4. O 

alacatcttct gta acagaag ticagtact co tttgcggag aaaggagtica tacttgttgaa 21OO 

gactitt tatgtcactact cit aaagattittg ctgttgctgt taagtttgga aaa.cagttitt 216 O 

tatt ctdttt tataaaccag agagaaatga gttittgacgt cittitt tactt gaatttcaac 222 O 

titat attata agaacgaaag taaagatgtt tdaat actta aac act atca caagatggca 228O 

aaatgctgaaagtttittaca citgtcgatgt titccaatgca tottc catga tigcattagaa 234 O 

gtaactaatgtttgaaattt taaagtactt ttggittattt ttctgtcatc aaacaaaaac 24 OO 

aggitat cagt gcatt attaa atgaatattt aaattagaca ttaccagtaa titt catgtct 246 O 

actittittaaa at cagdaatgaaacaataat ttgaaatttic taaatt cata ggg tagaatc 252O 

acct gtaaaa gcttgtttga titt cittaaag titattaaact totacatata ccaaaaagaa 2580 

gctgtc.ttgg atttaaatct gtaaaatcag atgaaattitt act acaattig cittgttaaaa 264 O 

tattittataa gtgatgttcc tttitt cacca agagtataaa cctttittagt gtgactgtta 27 OO 

aaact tcc tt ttaaatcaaa atgccaaatt tattalaggtg gtggagccac togcagtgtta 276 O 

t citcaaaata agaatattitt gttgagatat tccagaattt gtttatatgg ctggtaacat 282O 

gtaaaatcta tat cagcaaa agggit ctacc tittaaaataa gcaataacaa agaagaaaac 288O 

caaattattgttcaaattta ggtttaaact tttgaa.gcaa acttittttitt atccttgtgc 294 O 

actgcaggcc tigtacticag attittgct at gaggittaatgaagtaccaag Ctgtgcttga 3 OOO 

ataacgatat gttittcticag attittctgtt gtacagttta atttagcagt ccatat caca 3 O 6 O 

ttgcaaaagt agcaatgacc ticataaaata cct cittcaaa atgcttaaat t cattt caca 312 O 

cattaattitt atctoagt ct togaa.gc.ca at t cagtaggtg cattggaatc aagcc tdgct 318O 

acctgcatgc tigttcc ttitt Cttitt cittct tittagccatt ttgctaagag acacagt citt 324 O 

ct catcactt cqtttctic ct attttgttitt act agttitta agat cagagt toactitt citt 33 OO 

tggactctgc ctatattitt c ttacctgaac ttittgcaagt titt caggtaa acct cagotc 3360 

aggactgcta tittagctic ct cittaagaaga ttaaaagaga aaaaaaaagg ccc.ttittaaa 342O 
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aatagtatac 

atctgtaacc 

tgactggaaa 

caaatgat at 

atct cattgt 

tittatgtc.tt 

tttitttgtta 

aacaat CCaa 

catattgaga 

aaagaatatt 

gggatctgttg 

t caa.gcactg 

tataaataat 

aaagataact 

agaaat agtic 

gatttgttat 

gttt cagtgc 

tgtctgttta 

< 4 OOs 

act tattitta 

aagatggatg 

aagttacgtt 

ctaagtagtt 

cactgacatt 

attaggacac 

tgtcacaatc 

agaaatgatt 

tatttalaggt 

gtct cattag 

gatgct tcgt. 

tgggittittaa 

tgaaaaaaat 

Caggagaatc 

aatatgcttg 

taacattgat 

citcagacaaa 

tttttgtact 

SEQ ID NO 6 
LENGTH: 604 
TYPE : 

ORGANISM: Homo sapiens 
PRT 

SEQUENCE: 6 

49 

agtgaaaagc 

caaagaggct 

CCC attctaa 

cticagdaata 

taatgg tact 

tatggittata 

agtatattitt 

gtattaagat 

tgaatgtttg 

Cctgaatgtg 

taatttgttc 

tatttittaala 

tittcttittgg 

ttctttacala 

tataaaaCaC 

ctgctgacaa 

tgttgt attta 

attta 

Met Lieu Ala Arg Ala Lieu Lleu Lieu. 
1. 

Thir 

Met 

Phe 

Lell 
65 

Phe 

Ala 

Pro 

Ser 

Cys 
145 

Asn 

Pro 

Ala 

Ser 

Tyr 
SO 

Phe 

Ile 

Pro 

Asn 
13 O 

Pro 

Glu 

Glin 

Asn 

Wall 
35 

Gly 

Luell 

Gly 

Met 

Thir 
115 

Luell 

Thir 

Ile 

Gly 

5 

Pro Cys Cys Ser His 

Gly Phe Asp Gln Tyr 
4 O 

Glu Asn Cys Ser Thr 
55 

Llys Pro Thr Pro Asn 
70 

Phe Trp Asn Val Val 
85 

Ser Tyr Val Lieu. Thr 

Tyr Asn Ala Asp Tyr 
12 O 

Ser Tyr Tyr Thr Arg 
135 

Pro Lieu. Gly Wall Lys 
150 

Val Glu Lys Lieu. Lieu. 
1.65 

Ser Asn. Met Met Phe 
18O 

agagaattitt 

agtgcct cag 

ttaatgc cct 

ataataatga 

gtatattact 

aactgtgttt 

Ctttggggitt 

ttgttgaataa 

tcc ttaggat 

c catalagact 

agccacaatt 

tcaaacgctg 

galagagggag 

ttttacgttt 

tgttcactgt 

aac Ctgggaa 

act tatgtaa 

Cys Ala Val 
1O 

Pro Cys Glin 

Pro Glu Phe 

Thir Wal His 
7s 

Asn Asn. Ile 
90 

Ser Arg Ser 
105 

Gly Tyr Lys 

Ala Lieu Pro 

Gly Lys Llys 
155 

Lieu. Arg Arg 
17O 

Ala Phe Phe 
185 

US 8,980,851 B2 
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atttatagot aattittagct 

agagaactgt 

ttct tatt ta. 

cgataatact 

taatttattg 

aagcc tacaa 

acct citctga 

atttittagaa 

aggcc tatgt 

gaccttittaa 

tattgagaaa 

attacagata 

aaaatgaaat 

agaatgttta 

tttittittaala 

tittgggttgt 

aagataagtic 

Lell 

Asn 

Pro 

His 

Ser 

Pro 
14 O 

Glin 

Ala 

Ala 

Arg 

Thir 
45 

Thir 

Ile 

Phe 

Lell 

Trp 
125 

Wall 

Lell 

Phe 

Glin 

Luell 

Gly 

Arg 

Arg 

Luell 

Luell 

Ile 
11 O 

Glu 

Pro 

Pro 

Ile 

His 
19 O 

acggggtttg 

aaaaaaaac 

tottt to cac 

aagattatta 

t cattgattit 

at attatgta 

atctgattgg 

gctagoccac 

aatgttittga 

at attctgtg 

at agtattta 

aaatlatcatt 

aggittaagaa 

aaaaaaactt. 

gtatgcgaat 

tggaaataaa 

Ser His 
15 

Val Cys 

Thr Gly 

Ile Llys 

Thir His 
8O 

Arg Asn 
95 

Asp Ser 

Ala Phe 

Asp Asp 

Asp Ser 
160 

Pro Asp 
17s 

Phe Thr 

3480 

354 O 

36OO 

366 O 

372 O 

378 O 

384 O 

3900 

396 O 

414 O 

42OO 

426 O 

432O 

438 O 

4 44 O 

4 465 



His 

Gly 

Ala 
225 

Glin 

Ala 

Wall 

Thir 

Glu 
3. OS 

Ile 

His 

Phe 

Thir 

Asp 
385 

Lell 

Ala 

Wall 

Phe 

Glu 
465 

Ala 

Ala 

Ile 
5.45 

Wall 

Pro 

Glin 

Luell 
21 O 

Arg 

Ile 

Glu 

Gly 

Ile 
29 O 

His 

Luell 

Luell 

Asn 

Luell 
37 O 

Glin 

Glu 

Gly 

Ser 

Asn 
450 

Glu 

Gly 

Pro 

Pro 

Tyr 
53 O 

Asn 

Pro 

Thir 

Thir 

Phe 
195 

Gly 

Glin 

Ile 

Met 

Glin 
27s 

Trp 

Pro 

Ile 

Ser 

Lys 
355 

His 

Arg 

Glin 
435 

Glu 

Luell 

Asp 

Arg 

Phe 
515 

Trp 

Thir 

Phe 

Ile 

Wall 
595 

Phe 

His 

Arg 

Asp 

Ile 
26 O 

Glu 

Luell 

Glu 

Gly 

Gly 
34 O 

Glin 

His 

Gly 

Wall 
42O 

Ala 

Thir 

Ile 

Pro 
SOO 

Ser 

Ala 

Thir 

Asn 

Luell 

Lys 

Gly 

Lys 

Gly 
245 

Tyr 

Wall 

Arg 

Trp 

Glu 
3.25 

Tyr 

Phe 

Trp 

Asn 

Ile 
4 OS 

Ala 

Ser 

Gly 

Asp 
485 

Asp 

Lell 

Pro 

Ser 

Ser 

565 

Ala 

Lell 

Thir 

Wall 

Lell 
23 O 

Glu 

Pro 

Phe 

Glu 

Gly 
310 

Thir 

His 

Glin 

His 

Tyr 
390 

Thir 

Gly 

Ile 

Glu 
470 

Ala 

Ala 

Ser 

Ile 
550 

Phe 

Ser 

51 

Asp 

Asp 
215 

Arg 

Met 

Pro 

Gly 

His 
295 

Asp 

Ile 

Phe 

Pro 
375 

Glin 

Glin 

Gly 

Asp 

Arg 
45.5 

Wall 

Ile 

Gly 

Thir 
535 

Glin 

Ser 

Ser 

Glu 

His 
2OO 

Luell 

Luell 

Glin 

Luell 
28O 

Asn 

Glu 

Glin 
360 

Luell 

Glin 

Phe 

Arg 

Glin 
44 O 

Phe 

Glu 

Glu 

Phe 

Luell 

Phe 

Ser 

Wall 

Ser 

Arg 
6OO 

Asn 

Phe 

Pro 

Wall 
265 

Wall 

Arg 

Glin 

Ile 

Luell 
345 

Asn 

Luell 

Phe 

Wall 

Asn 
425 

Ser 

Met 

Met 

Luell 

Gly 
505 

Met 

Gly 

Luell 

Pro 

Arg 
585 

Ser 

His 

Pro 
250 

Pro 

Pro 

Wall 

Luell 

Wall 
330 

Arg 

Pro 

Ile 

Glu 

Wall 

Arg 

Luell 

Ser 

Tyr 
490 

Glu 

Gly 

Gly 

Ile 

Asp 
st O 

Ser 

Thir 

Gly 

Ile 

Asp 
235 

Thir 

Glu 

Gly 

Phe 
315 

Ile 

Phe 

Ile 

Asp 

Tyr 
395 

Ser 

Pro 

Glin 

Ala 

Pro 

Thir 

ASn 

Glu 

Cys 
555 

Pro 

Gly 

Glu 

US 8,980,851 B2 
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Pro 

Tyr 
22O 

Gly 

Wall 

His 

Lell 

Asp 
3 OO 

Glin 

Glu 

Asp 

Ala 

Thir 

Asn 

Phe 

Pro 

Met 

Pro 
460 

Glu 

Ala 

Met 

Wall 

Wall 
54 O 

Asn 

Glu 

Lell 

Lell 

Ala 
2O5 

Gly 

Lell 

Met 
285 

Wall 

Thir 

Asp 

Pro 

Ala 
365 

Phe 

Asn 

Thir 

Ala 

Lys 
445 

Lell 

Lell 

Wall 

Ile 
525 

Gly 

Asn 

Lell 

Asp 

Phe 

Glu 

Met 

Asp 

Arg 
27 O 

Met 

Luell 

Ser 

Glu 
35. O 

Glu 

Glin 

Ser 

Arg 

Wall 
43 O 

Glu 

Glu 

Luell 

Glu 
51O 

Phe 

Wall 

Ile 

Asp 
59 O 

Thir 

Thir 

Thir 
255 

Phe 

Arg 

Wall 
335 

Luell 

Phe 

Ile 

Ile 

Glin 
415 

Glin 

Glin 

Ser 

Ala 

Wall 
495 

Wall 

Ser 

Glin 

Lys 
sts 

Ile 

Asn 

Luell 

Tyr 
24 O 

Glin 

Ala 

Ala 

Glin 

Luell 

Glin 

Luell 

Asn 

His 

Luell 
4 OO 

Ile 

Lys 

Ser 

Phe 

Luell 

Glu 

Gly 

Pro 

Ile 

Gly 
560 

Thir 

Asn 

52 







Ctgatggcag Ctggggctag 

agg tatt cct ct cittaaatg 

ctgcacatga aagttittgca 

gtgaagaatc ttaatgcttg 

gtgatggttg gttittatttg 

Cagtaatcta ggtgtggctg 

tgactittaag taaagagat 

aggcct caag aacaaacact 

agc.catcqac toctdcctga 

c caa.ccc.caa caattgttgtg 

< 4 OOs 

SEQ ID NO 8 
LENGTH: 599 
TYPE PRT 

ORGANISM: Homo sapiens 

SEQUENCE: 8 

57 

gggaagggct 

caagtgccta 

aagggaaa.ca 

taatttaaac 

t cagtttggit 

tgaagg tatt 

tact taalata 

gcagtttcct 

gtttccagcc 

aattaattitc. 

Met Ser Arg Ser Lieu Lleu Lleu Trp 
1. 

Pro 

Asn 

Phe 

Gly 
65 

Lell 

Trp 

Arg 

Ser 
145 

Pro 

Ala 

Thir 

Phe 

His 
225 

Asp 

Pro 

Pro 

Gly 
SO 

Pro 

Arg 

Phe 

Luell 

Asn 
13 O 

Met 

Arg 

Asn 

Lys 
21 O 

Gly 

Glin 

Gly 

5 

Lieu Pro Wall Lieu. Lieu. Ala 

Cys Cys Tyr Tyr Pro Cys 
35 4 O 

Lieu. Asp Arg Tyr Glin Cys 
55 

Asn Cys Thir Ile Pro Gly 
70 

Pro Ser Pro Ser Phe Thr 
85 

Trp Glu Phe Val Asn Ala 

Val Lieu. Thr Val Arg Ser 
115 12 O 

Ser Ala His Asp Tyr Ile 
135 

Tyr Thr Arg Ile Leu Pro 
150 

Gly. Thir Lys Gly Llys Llys 
1.65 

Arg Phe Lieu. Lieu. Arg Arg 
18O 

Lieu Met Phe Ala Phe Phe 
195 

Thir Ser Gly Lys Met Gly 
215 

Val Asp Lieu. Gly His Ile 
23 O 

Lieu. Arg Lieu. Phe Lys Asp 
245 

Glu Met Tyr Pro Pro Ser 
26 O 

ttgagggtgg 

gattagg tag 

ggctaaatgc 

atttgttcct 

tgggctatag 

ttgtagatgt 

atttgggtga 

ggaaaagaag 

tgctagt ctg 

taaaaataaa. 

Phe Lieu. Lieu 
1O 

Asp Pro Gly 
25 

Gln His Glin 

Asp Cys Thr 

Leu Trp Thr 

His Phe Lieu. 
90 

Thir Phe Ile 
105 

Asn Lieu. Ile 

Ser Trp Glu 

Ser Wall Pro 
155 

Gln Lieu. Pro 
17O 

Llys Phe Ile 
185 

Ala Glin His 

Pro Gly Phe 

235 

Gly Lys Lieu. 
250 

Wall Glu Glu 
265 
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aaggatggga tigggttc.ca.g 

actittgctta gtattgacaa 

accaagaaag cittct tcaga 

ggagttittga tittggtggat 

cacacagtta tittaatcaaa 

gattalacat c tacaatcagt 

gctgcacct g attagttgaa 

aaactittgcc ticaagacitat 

c cc tatggat ttgaagtttg 

gctatataca gcc 

Phe 

Ala 

Gly 

Arg 
6 O 

Trp 

Lell 

Arg 

Pro 

Ser 
14 O 

Asp 

Pro 

Phe 

Thir 
22O 

Asn 

Ala 

Lell 

Pro 

Ile 
45 

Thir 

Lell 

Thir 

Glu 

Ser 
125 

Phe 

Asp 

Ala 

Asp 

Thir 
2O5 

Lell 

Pro 

Luell Luell Luell 
15 

Thir Pro Wall 
3O 

CyS Val Arg 

Gly Tyr Ser 

Arg Asn. Ser 

His Gly Arg 
95 

Met Leu Met 
11 O 

Pro Pro Thir 

Ser Asn. Wall 

Cys Pro Thr 
160 

Gln Lieu. Lieu. 
17s 

Pro Glin Gly 
19 O 

His Glin Phe 

Ala Lieu. Gly 

Glu Arg Glin 
24 O 

Glin Wall Lieu. 
255 

Wall Leu Met 
27 O 

456 O 

468O 

474. O 

48OO 

486 O 

492 O 

498O 

5040 

5093 
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His Tyr Pro Arg Gly Ile Pro Pro Glin Ser Gln Met Ala Val Gly Glin 
27s 28O 285 

Glu Val Phe Gly Lieu Lleu Pro Gly Lieu Met Leu Tyr Ala Thr Leu Trp 
29 O 295 3 OO 

Lieu. Arg Glu. His Asn Arg Val Cys Asp Lieu. Lieu Lys Ala Glu. His Pro 
3. OS 310 315 32O 

Thir Trp Gly Asp Glu Gln Leu Phe Glin Thr Thr Arg Lieu. Ile Lieu. Ile 
3.25 330 335 

Gly Glu Thir Ile Lys Ile Val Ile Glu Glu Tyr Val Glin Glin Leu Ser 
34 O 345 35. O 

Gly Tyr Phe Lieu. Glin Lieu Lys Phe Asp Pro Glu Lieu. Lieu. Phe Gly Val 
355 360 365 

Glin Phe Glin Tyr Arg Asn Arg Ile Ala Met Glu Phe Asn His Leu Tyr 
37 O 375 38O 

His Trp His Pro Leu Met Pro Asp Ser Phe Llys Val Gly Ser Glin Glu 
385 390 395 4 OO 

Tyr Ser Tyr Glu Glin Phe Leu Phe Asn Thr Ser Met Leu Val Asp Tyr 
4 OS 41O 415 

Gly Val Glu Ala Lieu Val Asp Ala Phe Ser Arg Glin Ile Ala Gly Arg 
42O 425 43 O 

Ile Gly Gly Gly Arg Asn Met Asp His His Ile Lieu. His Val Ala Val 
435 44 O 445 

Asp Val Ile Arg Glu Ser Arg Glu Met Arg Lieu Gln Pro Phe Asn. Glu 
450 45.5 460 

Tyr Arg Lys Arg Phe Gly Met Llys Pro Tyr Thr Ser Phe Glin Glu Lieu 
465 470 47s 48O 

Val Gly Glu Lys Glu Met Ala Ala Glu Lieu. Glu Glu Lieu. Tyr Gly Asp 
485 490 495 

Ile Asp Ala Lieu. Glu Phe Tyr Pro Gly Lieu. Lieu. Lieu. Glu Lys Cys His 
SOO 505 51O 

Pro Asn Ser Ile Phe Gly Glu Ser Met Ile Glu Ile Gly Ala Pro Phe 
515 52O 525 

Ser Lieu Lys Gly Lieu. Lieu. Gly Asn Pro Ile Cys Ser Pro Glu Tyr Trp 
53 O 535 54 O 

Llys Pro Ser Thr Phe Gly Gly Glu Val Gly Phe Asn Ile Val Lys Thr 
5.45 550 555 560 

Ala Thr Lieu Lys Llys Lieu Val Cys Lieu. Asn. Thir Lys Thr Cys Pro Tyr 
565 st O sts 

Val Ser Phe Arg Val Pro Asp Ala Ser Glin Asp Asp Gly Pro Ala Val 
58O 585 59 O 

Glu Arg Pro Ser Thr Glu Lieu. 
595 

<210s, SEQ ID NO 9 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic 
oligonucleotide 

<4 OOs, SEQUENCE: 9 

aactgggcga gatccagctgg 

<210s, SEQ ID NO 10 
&211s LENGTH: 21 
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&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 10 

aagctic ccgg taccacgga g 

<210s, SEQ ID NO 11 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 11 

aaggaa.gc.ca toccgatt C 

<210s, SEQ ID NO 12 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 12 

aatcgagaag cqcaagtact g 

<210s, SEQ ID NO 13 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 13 

aaggagtgga Ctttgttctg a 

<210s, SEQ ID NO 14 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 14 

aact tcggcc agtacgactgg 

<210s, SEQ ID NO 15 
&211s LENGTH: 21 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 15 

aagttggc cc gagatgacca a 

<210s, SEQ ID NO 16 
&211s LENGTH: 21 
&212s. TYPE: DNA 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 
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<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 16 

alacacatctg gtgtctgagg t 

<210s, SEQ ID NO 17 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 17 

alaccatgcga gcc.ccgc.cac C 

<210s, SEQ ID NO 18 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 18 

alagcaaac at ggatcaagaa a 

<210 SEQ ID NO 19 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 19 

aagttcCtgc tigcgtttgct g 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 2O 

aatticagotc ttgaga.gcat t 

<210s, SEQ ID NO 21 
&211s LENGTH: 21 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 21 

aatggattct ttgcc cataa a 

<210s, SEQ ID NO 22 
&211s LENGTH: 21 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 
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FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 22 

aagtactttgtcggittacct a 

SEQ ID NO 23 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 23 

aatc tattgg ccatctgggc t 

SEQ ID NO 24 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 24 

alaccagaact gtgtagatgc g 

SEO ID NO 25 
LENGTH 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 25 

aagtgactitt gaaaactaca t 

SEQ ID NO 26 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 26 

aatgatgtca tt cagct cog 

SEO ID NO 27 
LENGTH: 22 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 27 

gCaggtgctt Ctcgctgcag cc 

SEQ ID NO 28 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 

Synthetic 

21 

Synthetic 

22 
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OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 28 

gccagtactt gcgcttct cq 

SEQ ID NO 29 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 29 

c catcgat at tdtttittgcc 

SEQ ID NO 3 O 
LENGTH: 24 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 3 O 

ggagcttctic gggcagct ct gtgc 

SEQ ID NO 31 
LENGTH: 21 
TYPE DNA 
ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 31 

c caggttctt atacagdaag c 

SEQ ID NO 32 
LENGTH: 23 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 32 

Ccagcagctt gaaaatgggg togc 

SEQ ID NO 33 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

SEQUENCE: 33 

gcc.ccgggcc ttgatggCC 

SEQ ID NO 34 
LENGTH 19 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

OTHER INFORMATION: Description of Artificial Sequence: 

Synthetic 

Synthetic 

Synthetic 

24 

Synthetic 

21 

Synthetic 

23 

Synthetic 

19 

Synthetic 
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oligonucleotide 

<4 OOs, SEQUENCE: 34 

ccacgc.cctt ggcagt cq9 

<210s, SEQ ID NO 35 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 35 

gcggaatcgg gcc atggctt CC 

<210s, SEQ ID NO 36 
&211s LENGTH: 22 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 36 

gttc.cggit Co. tctggaagct cc 

<210s, SEQ ID NO 37 
&211s LENGTH: 19 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OO > SEQUENCE: 37 

cgcagaccag agcacagcg 

<210s, SEQ ID NO 38 
&211s LENGTH: 17 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 38 

gcaaacgcag caggaac 

<210s, SEQ ID NO 39 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

<4 OOs, SEQUENCE: 39 

cgtttcc.caa atatgtag cc 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 19 

&212s. TYPE: DNA 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Description of Artificial Sequence: 
oligonucleotide 

19 

Synthetic 

22 

Synthetic 

22 

Synthetic 

19 

Synthetic 

17 

Synthetic 

Synthetic 
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<4 OOs, SEQUENCE: 4 O 

gttittcaaag toactitcc.g 

SEQ ID NO 41 
LENGTH: 21 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

oligonucleotide 

<4 OOs, SEQUENCE: 41 

ggittaactica agctgttgaag C 

SEQ ID NO 42 
LENGTH: 17 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE: 

oligonucleotide 

<4 OOs, SEQUENCE: 42 

ggagctgaca tacat C 

SEQ ID NO 43 
LENGTH: 2O 
TYPE: DNA 

ORGANISM: Artificial Sequence 
FEATURE; 

oligonucleotide 

<4 OOs, SEQUENCE: 43 

ggcc acggtc atgttcaagg 

I claim: 
1. A method for treating a bone fracture or a bone defect in 

a mammalian Subject, comprising: administering to said Sub 
ject a pharmaceutically effective amount of an antisense com 
pound, wherein said antisense compound reduces the activity 
of cyclooxygenase-1 (COX-1). 

2. The method of claim 1, wherein the condition is a bone 
fracture. 

3. The method of claim 1, wherein the condition is a bone 
fracture selected from the group consisting of a non-os 
teoporotic fracture, an osteoporotic fracture, a fracture asso 
ciated with a congenital disease, a fracture associated with an 
acquired disease, or an osteotomic fracture. 

4. The method of claim 3, wherein the bone fracture is a 
non-osteoporotic fracture. 

5. The method of claim 3, wherein the bone fracture is an 
osteoporotic fracture. 

6. The method of claim 3, wherein the bone fracture is an 
osteotomic fracture. 

7. The method of claim 1, wherein the condition is a bone 
defect. 

8. The method of claim 1, wherein administration is in 
vivo. 

9. The method of claim 1, wherein administration is ex 
vivo. 

10. The method of claim 1, further comprising administer 
ing a pharmaceutically effective amount of a second com 
pound that reduces a 5-lipoxygenase activity. 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

OTHER INFORMATION: Description of Artificial Sequence: 

40 

45 

50 

55 

60 

65 

19 

Synthetic 

21 

Synthetic 

17 

Synthetic 

11. The method of claim 10, wherein the second compound 
reduces a 5-lipoxygenase activity by inhibiting a five lipoxy 
genase activating protein (FLAP). 

12. The method of claim 11, wherein the second compound 
that reduces a 5-lipoxygenase activity comprises a small mol 
ecule. 

13. The method of claim 12, wherein the small molecule is 
(R)(+)N'-5-(4-fluorophenoxy)furan-2-yl)-1-methyl-2- 
propynyl-N-hydroxyurea. 

14. The method of claim 12, wherein the small molecule is 
AbbottR) ABT 761. 

15. The method of claim 12, wherein the small molecule is 
selected from the group consisting of 3-1-(4-chlorobenzyl)- 
3-t-butyl-thio-5-isopropylindol-2-yl)-2,2-dimethylpro 
panoic acid; 3-(1-(4-chlorobenzyl)-3-(1-butyl-thio)-5- 
(quinolin-2-yl-methoxy)-indol-2-yl)-2,2-dimethyl 
propanoic acid); nordihydroguaiaretic acid: 2-(12-hydroxy 
dodeca-5,10-diynyl)-3,5,6-trimethyl-1,4-benzoquinone; (N- 
(1-benzo(b)thien-2-ylethyl)-N-hydroxyurea); masoprocol; 
tenidap; flobufen; lonapalene; tagorizine; AbbottR) 
A-121798; Abbott RA-76745; Abbott RA-78773; (R)(+)N'- 
5-(4-fluorophenoxy)furan-2-yl)-1-methyl-2-propynyl)-N- 

hydroxyurea; Abbott R. ABT 761; Dainippon R AL-3264; 
Bayer R. Bay-X-1005: Biofor R BF-389; bunaprolast; 
Cytomed R. CMI-392: Takeda(R) CV-6504; enazadrem phos 
phate; Leo Denmark R. ETH-615; flezelastine hydrochloride; 
Merck FrosstRL-663536; Merckle RML-3000; 3M Pharma 
ceuticals(R) R-840; rilopirox: Schering Plough R. SCH-40120; 
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20. The method of claim 1, further comprising administer 
ing to the Subject a pharmaceutically effective amount of a 
small molecule compound that reduces a COX-1 activity. 

21. The method of claim 20, wherein the small molecule 
compound that reduces the COX-1 activity is selected from 
the group consisting of Searle(RSC-560, 1-(4,5-bis(4-meth 
oxyphenyl)-2-thiazoyl)carbonyl-4-methylpiperazine hydro 
chloride, Valeryl Salicylate, aspirin, dexketoprofen, keterolac, 
flurbiprofen, and suprofen. 

22. The method of claim 1, further comprising administer 
ing to the Subject a pharmaceutically effective amount of a 
third compound that increases a COX-2 activity. 

23. The method of claim 22, wherein the third compound is 
selected from the group consisting of prostaglandin E; butap 
rost; sulprostone; Pfizer R CP-536,745-01; Pfizer R CP-043, 
305-02: Pfizer(R) CP-044,519-02: Pfizer R CP432: Ono Phar 
maceutical(R) ONO-4819; PfizerR) CP-533,536; 
prostaglandin F., bimatoprost; cloprostenol; latanoprost; 
tafluprost, bone morphogenetic protein-2, platelet derived 
growth factor; interleukin-1a; interleukin-13; tumor necrosis 
factor-alpha; fibroblast growth factor, transforming growth 
factor-B; epidermal growth factor, parathyroid hormone; par 
athyroid hormone related peptide; and teriparatide. 

24. The method of claim 1, further comprising administer 
ing to the Subject an ultrasound therapy or exposing the Sub 
ject to a pulsed electromagnetic field in an amount Sufficient 
to increase a COX-2 activity in the subject. 

k k k k k 

10 

15 

25 
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